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INTRODUCTION 
Detailed studies of the effects of artificial selection on metric 
traits provide information that is not only useful in the applied field 
of animal breeding, but also helps to increase our knowledge of quanti­
tative inheritance. 
Many selection experiments have been done on laboratory animals (e.g. 
Mather and Harrison 1949, Castle 1919), and several studies have also 
been made on domesticated species, but information is still needed on the 
effects of selection for specific characters. Since most domesticated 
species have a long history of artificial selection for economically 
important traits, the response to selection may differ radically from 
that shown by laboratory animals. 
Many selection experiments have been reported in poultry (Pearl 1912, 
Hutt and Cole 1948, Lerner and Hazel 1947 and others), some of which have 
made significant contributions to the theory of quantitative genetics. 
However, in many cases the results of selection were not conclusive 
either because environmental trends were confounded with selection, or 
because small population sizes resulted in wide sampling variations and 
rapid inbreeding. In cases where large populations were available, the 
amount of data made detailed analysis prohibitive. 
Two recent advances in the facilities available to the poultry 
geneticist have been of great value. The use of control populations 
insures that the confounding of the effects of selection and environ­
mental trends is minimized, and the use of high speed computers makes it 
possible to carry out a more detailed analysis than was formerly possible 
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in. the time available. 
The purpose of this study is to examine the effects of selection 
for single metric traits (body weight and egg weight) in poultry. 
Specifically, the aim is (1) to measure changes in the means of populations 
selected for high and low body or egg weight, (2) to estimate associated 
changes in the phenotypic and genetic components of variance and covariance 
of body and egg weight, and (3) to examine the extent to which these 
changes conform with those expected from a study of the base population. 
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REVIEW OF LITERATURE 
Inheritance of Body Weight 
Body weight is not a single trait, since the weight of an animal at 
any given age is a function of its initial weight and the rate of growth. 
Krause, Siegel and Hurst (1963) showed that growth can be characterized 
by a function involving three variables : maximum growth rate, final body 
weight, and age at half final body weight. However, the practical dif­
ficulties of making such measurements are great, and where growth rate is 
of interest most research workers relate weight and age in a linear 
fashion. 
The inheritance of body weight at different ages is quite similar. 
Siegel (1962a) summarized 176 estimates of the heritability of body weight 
in chickens aged six to twelve weeks, and found that the median herit­
ability was 0.41, with an interquartile range of 0.29 to 0.54. The great 
variation in these estimates was attributed to the different methods of 
estimation, and to the variation between the different populations 
measured. Table 1 gives estimates of the heritability of body weight at 
other ages. In spite of the variation between these estimates, we can 
conclude that body weight at a specified age is a medium to highly 
heritable trait in most cases ; the observed variation being due in large 
part to additive genetic effects. 
Several investigators have found that body weight is influenced by 
single gene effects. Large and obvious effects are caused by genes such 
as Creeper, dwarf and the gene for Bantam (Godfrey 1953). Jaap and Grimes 
(1956) found that the Dominant White gene, and the gene for the extension 
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Table 1. Estimates of the heritability of body weight (literature) 
Investigator h i h •S hf+d •ti i o Reg. Other Age or time 
Shoffner and Sloan 0. 75* 0. 52b 45 wks. 
(1948) 
Lerner and Cruden 0. 17 0.47 0. 80 Dec .c 
(1951) 
Wyatt 0. 53a March** 
(1953) 
0. .18 Housing6 
Goodman and Godfrey 0. .46 0. .39 0.42 0. 37 Mature^ 
(1956) 
Jerome et al. 0. 73 0. .21 0.50 Dec. 
(1956) 
Hogsett and Nordskog 0. 51 0. 59 0.55 0. 49 Mature 
(1958) 
King 0, .67 0. 86 0.24 32 wks. 
(1961) 
- - - - - - - -
0, .57 0, .63 -0.03 32 wks. 
Hale 0 .52 0 .70 0.61 22 wks. 
(1961) 
Jaap et al. 0 .71 0 .53 0.21 16 wks. 
(1962) 
0 .61 0 .20 0.20 24 wks. 
Siegel 
(1962a)g 
FI 0 .20 0 .56 0.38 -0 .06 0 • 22h 8 wks. 
F2 0 .14 0 .26 0.20 0 .38 0 .32 8 wks. 
F3 0 .13 0 .77 0.40 0 .38 0 .31 8 wks. 
F4 0 .36 0 .74 0.56 0 .46 0 .30 8 wks. 
King et al. 0 .48 0 .89 32 wks. 
(1963) 0 .44 0 .76 55 wks. 
^Adjusted for inbreeding. 
^Mean of 13 estimates from the literature. 
cAbout 30-35 weeks. 
^About 50-60 weeks. 
eAbout 20-24 weeks. 
^After about 40 weeks. 
Spour generations of a selection experiment. 
^Realized heritability. 
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of black (E) were associated with a supression of growth of about 0.03 
to 0.04 pounds in young birds. Similarly, Jerome jet _al. (1956) found 
that the Dominant White gene caused an even greater reduction in body 
weight at ten weeks of age. More recently Smith (1963) found that this 
reduction in growth rate is dependent on the genetic background of the 
birds. 
Briles £t al. (1953) and Briles (1957) found that birds heterozygous 
at the B blood group locus were heavier by seven to ten percent than 
the homozygous relatives in two out of three lines studied. He concluded 
that the expression of body weight associated with the B locus depended 
on the genetic background of the stock. 
Non-additive genetic, and maternal effects on body weight have also 
been reported. Yao (1961) found evidence for a dominance effect on ten 
week body weight, by analyzing a series of diallel crosses. Hazel and 
Lamoreux (1947) analysed three sets of diallel crosses, and concluded 
that about five percent of the variation in 22 week body weight was due 
to maternal effects. No sex-linkage effects were observed. 
From a study of six broiler traits in a series of diallel crosses, 
Kan ert ad. (1956) concluded that non-additive gene effects were of little 
importance in determining body weight at four or nine weeks. 
In contrast, Jerome et: al. (1956) found a considerable amount of 
non-additive genetic variance in fall body weight, the dominance variance 
reaching 40 percent of the additive variance. 
Br un s on «it al. (1956) used diallel matings to study types of gene 
action in crosses between New Hampshire and Silver Oklabar broilers. 
Forty-three percent of the phenotypic variance was found to be genetic, 
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of which 41 percent was additive and two percent non-additive. In addi­
tion, ten percent was attributed to sex-linkage and two percent to 
maternal effects. Cock and Morton (1963) found both maternal and sex-
linkage effects on adult body weight. 
Further information on the inheritance of body weight in chickens 
has come from studies of heterosis and inbreeding depression. Merrit 
and Gowe (1960) concluded that heterosis was exhibited by most broiler 
traits, including body weight at six, ten, 22 and 52 weeks. 
A consistant expression of hybrid vigor was found in growth to eight 
weeks of age by Nordskog and Ghostley (1954). Strain crosses and cross­
bred pullets averaged four percent and seven percent, respectively, 
heavier than the pure strains at this age, but there was a significant 
interaction between mating system and breed. 
The effect of inbreeding on body weight was studied by Blow and 
Glazner (1953). A negative, but not significant regression of -1.044 
grams body weight per unit of inbreeding was found, and it was concluded 
that non-additive effects were of little importance in this case. 
Further evidence on the inheritance of body weight has been obtained 
through selection experiments. Maloney et al. (1963) examined ten genera­
tions of a two way selection experiment for twelve week body weight, 
including five generations of relaxed selection. Response to selection 
was marked, and the realized heritability was estimated from the difference 
between the two lines as 24.11 percent. However, the response was not 
symmetrical; realized heritability being 34.4 percent + 3.24 percent in 
the high line and 7.2 percent + 4.55 percent in the low line. Such a 
difference could not be accounted for by sampling errors. Phenotypic 
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variation, expressed as the coefficient of variation, decreased with 
selection in either direction, but the decrease was more marked in the 
high line. In spite of the apparent decline in the total variance, the 
response to selection remained approximately constant throughout the 
experiment. 
In four generations of selection for eight week body weight in 
broiler type chickens, Siegel (1962a) found that the response to selection 
was immediate and marked ; by the fourth generation the low line males 
averaged 835 grams and the high line 1,156 grams, a difference of 321 
grams. 
Heritability estimates were obtained in all four generations by three 
different methods; realized heritability, parent-offspring regression, 
and sib analysis (see Table 1). Realized heritabilities were relatively 
consistant from generation to F^, hence epistatic variance appeared 
to be of minor importance. Estimates of heritability from parent-offspring 
regression were of similar magnitude to the realized heritabilities, but 
estimates from the sib analysis tended to be variable. The estimate from 
the dam's component of variance averaged 0.58, but from the sire's com­
ponent only 0.21. This discrepency was explained as being due to 
dominance, maternal effects, or a combination of the two. 
In a selection experiment for body weight in turkeys (Abplanalp £t al. 
1963), four lines were developed; an unselected control, a line selected 
for large eight week body weight, a line selected for heavy body weight 
at 24 weeks of age, and one selected on an index designed to increase 
eight week body weight, while holding 24 week body weight constant. 
Estimates of heritability were obtained from the base population. 
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Observed response was compared with expected response on the basis of 
the usual prediction equations. The response was large, and in general 
was in good agreement with the predicted results. However, index selection 
was more successful than predicted. 
Estimates of the genetic correlations between body weights at differ­
ent ages in chickens are given in Table 2. In general the correlation is 
high, of the order of 0.6 to 0.8, indicating a strong genetic relationship 
between weights at different ages. The phenotypic correlations on the 
other hand are generally lower, of the order of 0.4 to 0.6, indicating 
that the genetic relationship is frequently obscured by environmental 
factors. 
Table 2. Genetic, environmental, and phenotypic correlations between 
body weights at different ages 
Author Trait 1 Trait 2 rG rE rP 
Hale (1961) 8 m. 22 Wk. 0.60a 0.58 0.58 
King et al. 8 Wk. 32 Wk. 0.87a 0.54 
(1963) 0.62b 
0.7!= 
Jaap et al. 8 Wk. 16 Wk. 0.77% 0.33 0.64 
(1962) 8 Wk. 24 Wk. 0.36° 0.33 0.33 
16 Wk. 24 Wk. 0.60 0.53 0.57 
Wyatt (1953) 8 Wk. 24 Wk. 1.09d 
8 Wk, 54 Wk. 0.95d 
aFrom sire component. 
bFrom dam component, 
^Combined estimate. 
arent-offspring regression. 
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Inheritance of Egg Weight 
The first eggs laid by a pullet tend to be relatively small, but 
size increases up to the time the pullet reaches 40 to 45 weeks of age, 
after which the rate of increase is reduced, and "mature" egg weight is 
said to have been reached. Wehrli and Nordskog (1963) showed that most 
of the variation in rate of egg weight increase is non-genetic. 
Many environmental factors influence egg weight. Gowe £t al. (1960) 
showed that the percentage of large eggs is increased by restricted feed­
ing during the growing period. Artificial lighting during the rearing 
period can also affect egg size (Morris and Fox 1958) . 
Hatch effects influence egg weight under some conditions. Skogland, 
Tomhave and Mumford (1951) found that April-September hatched pullets 
produced more large eggs than pullets hatched at other times of the year. 
King and Henderson (1954), working with a shorter hatching season, found 
that hatch effects were of little or no importance in determining March 
egg weight. 
Egg weight is strongly inherited. Table 3 shows several estimates 
of heritability from the literature. The large amount of additive genetic 
variance is indicated by the magnitude of these estimates, which generally 
exceed heritability estimates for body weight. 
Non-additive genetic effects on egg weight have been observed. 
Redman and Shoffner (1961) found a ratio of 1.4 to one of dominance to 
additive genetic variance using a polyallel system of matings. Goodman 
and Jaap (1961) and Yao (1961) found that non-additive effects were of 
little importance in the inheritance of egg weight. King (1961) found 
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Table 3. Heritability of egg weight (literature) 
Investigator 4 "S i&a P-0 Reg. Other 
Age or 
time 
Shoffner and Sloan 0.61 0.57a April 
(1948) 
Wyatt 0.52 March 
(1953) 
Jerome et al. 0.62 0.56 0.59 Fall 
(1956) 
Lerner and Cruden 0.60 0.50 0.61 Beginning 
(1951) 0.48 0.36 0.61 Nov. 
0.73 0.47 0.39 April 
Dickerson 0.59 March 
(1955) 0.37 June 
Farnsworth 0.48 0.52 0.51 
(1956)b 
Hogsett and Nordskog 0.85 0.52 0.68 0.35 Mature 
(1958) 
Hale 0.67 0.75 0.71 March 
(1961) 
King 0.63 0.88 0.16 32 Week 
(1961) 0.58 0.58 0.32 32 Week 
Redman and Shoffner 0.36 0.16 0.26 Average 
(1961) 
Jaap et al. 0.60 
(1962) 
King et al. 0.51 0.64 32 Week 
(1963) 0.53 0.58 55 Week 
Unweighted mean of 13 estimates from the literature. 
bMean of eight years data. 
some evidence for dominance of "moderate magnitude". Inbreeding causes 
only a slight depression of egg weight. Blow and Glazner (1953) found a 
non-significant regression of -0.018 + 0.021 grams egg weight per unit of 
inbreeding. 
Allen (1962) reported statistically significant interactions between 
the genotype and the plasmon (defined as the stable properti of the 
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cytoplasm transmitted to the offspring). These effects were attributed 
mostly to the sex chromosome. 
Sex-linkage has been demonstrated in the inheritance of egg weight. 
Osborne (1953) found that the degree of determination of egg weight was 
greater from paternal grand-dams than from the dams themselves. Sex-
linkage has also been demonstrated by a larger sire than dam component 
of variance (Goodman and Jaap 1961, Jerome, Henderson and King 1956, 
Hogsett and Nordskog 1958, Hicks 1958, and Redman and Shoffner 1961). In 
contrast, King (1961) found that the dam's component of variance was 
larger, and considered this evidence for a maternal effect on egg weight. 
Selection for egg weight is usually immediately effective (see 
Snyder 1945 and Olsen and Knox 1940), though response may be asymmetrical 
(Waters and Weldin 1927). Shultz (1953) found that the response to 
selection was rapid, and by the third generation two lines selected in 
opposite directions for egg weight differed by 12.2 grams. Some decline 
in egg weight was attributed to inbreeding, which reached 30 percent by 
the end of the experiment. Accurate estimation of the genetic parameters 
was impossible due to the small population sizes, but no evidence for 
any decline in genetic variance was obtained. Marked correlated responses 
were observed in other traits, including body weight, which will be dis­
cussed later. 
Egg weights at different ages are genetically and phenotypically 
correlated. Table 4 gives some estimates from the literature. The 
genetic correlations range from 0.63 to 1.05, with the phenotypic corre­
lations considerably lower, though always positive. 
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Table 4. Correlations between egg weights at different ages 
Author Trait 1 Trait 2 rG rP 
King jet al. 1963 32 Wk. 55 Wk. 1.03b 
0.93 
0.98= 0.68 
Dickerson 1955 "March" "June" 0.96* 0.80 
Lerner and Cruden "Beginning" "Nov." 0.63* 0.74 
(1951) 0.84° 
It 
"Apr." 0 63* 0.49 
0.80c 
"Nov." 11 0.91* 0.65 
0.91e 
Wehrli and Nordskog 210 days 300 days 1.03 0.46 
(1963)d 1.05 0.05 
0.95 0.47 
0.94 0.43 
aFrom the sire component of variance. 
bFrom the dam component of variance. 
^Combined estimate. 
dFour year's data from the Iowa Multiple Unit Random Sample Test. 
Relationship Between Body Weight and Egg Weight 
The phenotypic correlation, rP, between two traits X and Y may be 
partitioned into two parts dependent on the environment and the genetic 
relationships between the traits; 
rP = hghyrGqpQ + exeyrE (gy) (Falconer 1960) 
where 
h^ = the square root of the heritability of trait x 
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e = the square root of the environmental determination of x 
X (e2 = l-h2) 
rE = the environmental correlation between traits 
rG = the genetic correlation between traits 
Since the second term in the above formula is not usually zero, the 
phenotypic correlation will not indicate the genetic relationship between 
the traits. 
Two traits can be genetically correlated for several reasons (Lush 
1962); the correlation may be between two measures of the same trait, some 
of the genes affecting the traits may be pleiotropic and genes affecting 
the two traits may be linked. This latter correlation will be unstable 
because of recombination, though the degree of linkage will determine the 
stability. Maloney et al. (1963) considered the genetic correlation 
between body weight and egg weight to be relatively stable. 
Methods of measuring genetic correlations were first presented by 
Hazel (1943), using parent-offspring covariances. Genetic correlations 
may also be calculated by partitioning the components of covariance in an 
hierarchical analysis of variance (see for example Mode and Robinson 1959). 
Realized genetic correlations can be estimated from the responses to 
selection, provided both traits have been selected in different lines 
(Falconer 1960). 
Table 5 gives some estimates of genetic, phenotypic and environmental 
correlations between body and egg weight. The wide variation can probably 
be attributed to the variety of methods of calculation, and true differ­
ences between the populations studied, as well as sampling errors. 
All estimates of the genetic correlations are positive and above 0.2. 
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Table 5. Correlations between body weight and egg weight (literature) 
Author Body weight Egg weight rG rE rP 
Jaap et al. (1962) 8 week 30 week .25* -.15 .08 
16 week 30 week .28* 
-.25 .09 
24 week 30 week .20* 
- .23 .09 
Hyatt (1953) Housing March .31b 
Lerner and December Beginning .44° .34 
Cruden (1951) .74d 
December November .46° 
.94d 
.54 
December April .51C 
.96d 
.41 
King (1961) 32 week 32 week .33° 
• 57a 
1.05d 
- .40 .40 
Siegel (1962a) 8 week 35 week .33e .34 
Maloney et al. (1963) 12 week March .09" 
.16 
Hogsett (1958) At first 
egg 
October 
March 
• 70e 
.79* 
.71e 
.47* 
.35 
.32 
.33 
.32 
*Dam' s component. 
^Parent-offspring regression. 
cSire's component. 
^Combined sire plus dam. 
^Realized. 
%igh and low selected lines. 
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The phenotypic correlations although variable, tend to be lower than the 
genetic correlations, while the environmental correlations are all negative. 
Sex-linkage may be important in the association between body and egg 
weight. Osborne (1954) examined the relative sizes of the sire and dam's 
components of covariance, and concluded that both traits were dependent 
on the sex chromosome, though in the case of body weight, non-additive 
effects obscured sex-linkage. 
Selection experiments have provided some information on the relation­
ship between body weight and egg weight. Siegel (1963a, 1963b) selected 
broiler type chickens for eight week body weight, and found immediate 
and significant differences between the upward and downward selected 
lines in 35 week egg weight. The difference, positively associated with 
body weight, increased over four generations of selection. Tart realized 
genetic correlation was 0.34. 
Maloney ej: jal. (1963) selected for twelve week body weight and 
found that differences in March egg weight appeared immediately. In all 
subsequent generations the high body weight line was higher in f'arch egg 
weight than the low body weight line. The observed correlated response 
was asymmetrical, regression of egg weight on selection differencial being 
0.200 + 0.144 grams in the high line, and -0.632 + 0.149 grams ia the low 
line. The direct response to selection for body weight was also asymmet­
rical, but in the opposite direction with a non-significant regression 
coefficient of 0.028 + 0.016 lbs in the low line and a significar:V. regres­
sion coefficient of 0.157 + 0.016 lbs in the high line. 
Shultz (1953) observed a correlated response in body weight in White 
Leghorns selected for high and low egg weights that agreed well "ith 
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expectation. 
Use of Control Strains 
Control strains have been used extensively in genetic research 
involving laboratory animals, but only recently have they been used in 
poultry breeding experiments. 
Gowe et al. (1959) examined three strains of chickens tested at six 
locations over a six year period. Expressing performance as a deviation 
from the control strain resulted in a reduction in the error associated 
with yearly trends, and in some cases removed an environmental bias. 
King (1963) used a control strain to evaluate progress made by commercial 
breeders over an eight year period. 
In the esse of control strains the main problem is to maintain them 
with a minimum amount of genetic change through random drift and natural 
selection. Gowe, Robertson and Latter (1959) concluded that natural 
selection could be minimized by the use of optimum environmental condi­
tions, and that genetic drift could be controlled by mating equal numbers 
of males and females, so that all parents produced equal numbers of 
progeny. They suggested that a mating of 50 males and 250 females, using 
artificial insemination would be adequate. Several control populations 
conforming to these specifications are now in existence (King et al. 1959, 
Hess 1962, Gowe et al. 1959), including the Regional Cornell Controll 
line of this study. 
Genotype-environment interaction may be one source of error in the 
us°t of randombred controls. Nordskog and Kempthorne (1960) showed that 
this type of interaction is possible in chickens, and Bray, Bell and King 
17 
(1962) made an experimental evaluation of the effects of genotype-
environment interaction on the use of controls in Tribolium. They con­
cluded that, unless the controls are closely related to the selected 
line in origin and time, undetected genotype-environment interactions may 
contribute to faulty comparisons. 
Goodwin, Dickerson and Lamoreux (1960) described a repeat mating 
control. Although this assumes genotype-environment interaction to be 
negligible, there is less likelihood of this type of interaction due to 
the close relationship between the selected line and the control popu­
lation. The repeat mating scheme has been examined by Giesbrecht and 
Kempthorne (1964), who showed that there are certain statistical defic-
encies in this type of control. In particular the error of the estimation 
of the regression of genotypic value on years (generation) was found to 
have few degrees of freedom from which to estimate it. Further ineffic-
ency was caused by the necessity of discarding large numbers of records 
in order to obtain a truely unbiassed result. 
Lerner (1950) discussed the use of a line selected for high egg 
production as a control for his "speciality lines". If the traits were 
uncorrelated, or if genetic progress in the selected egg production line 
were nil, this would provide an unbiassed estimate of yearly trends. 
However, where large genetic gains have been made, these conditions are 
unlikely to have been satisfied, and hence the speciality lines would not 
be acceptable as a control for the egg production line. 
Finally, control is possible by two way selection, provided that 
there is no asymmetrical response. In this case any consistent 
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environmental trends would be confounded with the asymmetry. Falconer 
(1954) found an asymmetrical response to selection to be a common feature 
of mouse selection experiments. 
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MATERIALS AND METHODS 
The Populations Used 
The data involved in this study comes from a seven-year selection 
experiment carried out at the Iowa State University poultry farm. The 
purpose of the experiment is to measure direct and correlated responses 
in lines selected for single metric traits, and eventually to study the 
problem of selection limits. The base population consisted of all 
reciprocal crosses between four commercial lines of White Leghorn chickens. 
Table 6 summarizes both the lines developed from this base population, 
and the three phases of the control populations. The year of origin and 
numbers of parents per line per year are also presented. For convenience 
the 1956 generation will be known as generation 0. Data is available for 
generations zero through six, and in some cases data on the seventh genera­
tion is also available. 
Three hatches were made each year between January and March. All 
birds except lines RM2 and RCC were pedigree hatched, wing banded, and 
reared intermingled under infra-red brooders. At eight weeks of age the 
birds were individually weighed, and transferred to summer range shelters. 
After generation three the upward and downward selected lines were penned 
separately during the rearing and laying period. 
At about 20-24 weeks the pullets were again weighed, and housed in 
pens of about 200-400 birds. Controls were housed in every pen. The 
males were left on range as late as possible in the fall, and were then 
housed until selection time. 
Immediately after housing, the pullets were trap-nested two consecu-
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Table 6. White Leghorn populations used in the study 
Number of breeders 
designation Year started Selected for Male Females 
per male 
A 0 (1956) High egg produc­
tion 
16 9-14 
B 0 (1956) High December 
body weight 
8 8-10 
C 0 (1956) Low December 
body weight 
8 8-10 
D 0 (1956) High December 
egg weight 
8 8-10 
E 0 (1956) Low December 
egg weight 
8 8-10 
RM1 2 (1958) Unselected 7-10 4-10 
RM2 3 (1959) Unselected 6-10 40-80a 
RCC 2 (1958) Unselected 50b 250b 
aTwo flock matings of 3-6 males and 20-40 pullets per pen. 
^Maintained at the North Central Regional Laboratory, Purdue. 
tive days per week for eleven to twelve weeks. At the end of this period 
eggs were collected for weighing over a four day trap period, hence the 
number of eggs weighed per pullet varied from zero to four. December 
(32 week) body weights were also taken at this time. 
Selection procedures 
Selection in the body weight lines, Ii and C, was based on the indi­
vidual phenotype of the pullets and cockerels. Selection for egg weight 
was based on individual phenotype in the pullets and on the performance 
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of the full sisters in the cockerels. Cockerels were chosen from those 
families having the greatest number of selected full sib pullets. 
In order to minimize inbreeding, males were chosen from at least 
six of the eight half sib families in the body and egg weight lines B, 
C, D and E, and from at least twelve of the sixteen sire groups in the A 
line. 
The A line was selected on an index designed to give optimum weight­
ing to individual, full and half sib family averages (Osborne 1957). Males 
were selected on the basis of the number of full sibs selected. 
After paper selection was complete, the birds were assigned to pens 
systematically as follows: the first bird of a full sib family was 
assigned to the first pen, the second to the second pen etc., with the 
restriction that no female was mated to a full or half brother, thus 
reducing inbreeding. 
In most cases hatching eggs were collected over a two-week period for 
each hatch. Three hatches were set, with the first hatch birds being 
one month older than the third hatch birds. Each hatch was housed sepa­
rately, though on occasion the hatches were combined after selection. 
The control populations 
Two types of controls were involved in this study. The Regional 
Cornell Control Strain (RCC) is a White Leghorn randombred produced by 
the North Central Regional Poultry Breeding Laboratory, Purdue, and 
brought in each year as hatching eggs. Details of this population have 
been given by King et al. (1959), King (1961) and King et al. (1963). 
Briefly, the RCC* s are White Leghorns originating from a broad genetic 
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base, and maintained each year by 50 male and 250 female breeders. A 
restricted random mating scheme is used such that no full or half sib 
matings are allowed, and where possible, each sire is limited to one son, 
and each dam to one daughter in the succeeding breeding population. 
The second control population is a modification of that proposed by 
Goodwin, Dickerson and Lamoreux (1960), and described in detail by 
Giesbrecht and Kempthorne (1964) whose notation will be used in the brief 
description that follows, with the names of the lines used in this study 
given in parenthesis: Fig. 1 is a diagram of the matings involved. The 
G^ and G| represent the offspring and selected breeder populations respec­
tively, of the line that is of interest (the A line in this study). Each 
mating, or some proportion of the matings (about 10/l6ths of the matings 
in this study) were repeated in the next year (H|, or HO) to produce the 
H^ population of progeny (RMl's of this study). A proportion of the 
individuals were therefore full sibs of the H^ individuals. The K| 
matings should be made up from full sibs of the G| pullets mated to the 
G| males to form the Hj^ matings; hence, the two-year old H|+1 males 
should be mated to two-year old hens to produce H^+g individuals, and to 
the H^ pullets to produce Ki+2 (RM2's of this study). However, a modifi­
cation of this scheme was used: the K| matings actually consisted of 
pullets as nearly as possible related to the G^ pullets together with 
contemporary males also related as closely as possible to the G| males. 
In practice, a flock mating of two pens of 4-6 males and 20-30 females 
per pen was made. Because the RM2's were non-pedigreed it was not 
possible to pair individuals from the Kg and the G^ populations. 
The statistical model assumed for the means of each of these 
23 
populations is as follows : 
% = J1 + yi + + g± + myi_1 + 
Hi = * + yi+l + m2 + % + my±-l + e2i 
= W. + yi+1 + + gi + my± + e3j. 
Where n = the overall mean 
y^  = effect of ith year 
m^  = maternal effect associated with pullet breeders 
mg = maternal effect associated with two year old hens 
= genetic effect associated with the jth generation of 
selection 
my^  = interaction between maternal effect and year effect. 
Giesbrecht and Kempthorne (1964) examined all estimable functions 
on the basis of this model, but the one that is of interest in this study 
is the estimation of linear genetic change in the A line (the G^ ). 
In order to make an estimate of linear genetic change it is necessary 
to make the assumption that both year and maternal-year effects vary 
linearly with years, i.e. y^  = i{3 + f^  and my^  = iX + h^  where f^  and h^  
are independent random variables with means zero and variances Vf and 
respectively. 
The expected value of B, the regression coefficient of the means 
G^ , i=l, 2, ..., n on years is 
n 
where 
i^ gi + (3 + X 
at = (i - n+2b (n(n2?1}) 
Selected Matings Repeated Matings 
Cockerels x Second year Cockerels x 
Year 
Pullets Parents Pullets3 
G: (A) Mating 
G, (A) Offspring 
G' (A) Mating 
Offspring 
H'(HO) K' (RMl) Mating 
Offspring 
Mating 
Offspring 
M^odified from the repeat mating scheme described by Giesbrecht and 
Kempthorne (1964). See Text. 
Fig. 1. Repeat mating scheme used in this study 
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Since the expected value of the term 
D * À ^ 2<Ki-Gi> =P+ X 
it is possible to eliminate the systematic part of the contributions of 
the year and maternal year effects by subtracting D. 
The variance of the resulting estimate of linear genetic change can 
be obtained as the variance of a linear function of correlated means. 
However, the estimation of the variance is very complex, and reference 
should be made to Giesbrecht and Kempthorne (1964) for full details. 
Traits studied 
Interest in this study centers around two measures of body weight 
and two measures of egg weight. These are summarized below: 
Body weight Age Units 
December 32 weeks lbs. 
March 55 weeks lbs. 
Egg Weight 
December 32 weeks gms. 
March 55 weeks gms. 
Most birds had records on December body weight, but from then on 
mortality steadily reduced the number of birds. Egg weights were also 
subject to the bird being in production during the four day period in 
which eggs were collected for weighing. Because the elimination of birds 
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with incomplete data might introduce a bias, all available records were 
used, although this resulted in a different number of degrees of freedom 
associated with each calculation. 
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STATISTICAL PROCEDURES 
Scale of Measurement 
It is common in selection experiments involving body measurements 
to find that the mean is proportional to the variance over a wide range 
(Falconer 1954). In these cases a logarithmic transformation of the 
means and variances is frequently employed to achieve independence. 
Falconer (1960) stated that unless the coefficient of variation is greater 
than 20 percent a logarithmic transformation has little effect on the 
estimation of parameters from an analysis of variance, which does not 
depend critically on the assumption of normality. In some cases a 
transformation may obscure real effects. For these reasons the data were 
examined on both the logarithmic and arithmetic scales, and the most 
appropriate scale was chosen on each occasion, though the arithmetic 
scale was used for all statistical analyses and wherever there was little 
observable difference between the two. 
Means and standard deviations were transformed to logs by the 
formulas: 
iog10x = iog1QX - h iog10(i + c2) 
2 
°log10X = 0.4343 log10(l + C2) (Wright 1952) 
though in practice the second term in the formula for the mean was found 
to be so small that it was neglected. 
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Estimation of Population Parameters 
The population means were worked out within each line-year subclass 
in the usual way. 
In the body weight lines the selection differential was calculated 
as the simple average of the difference between the mean of the population 
and the mean of the selected parents. 
In the egg weight lines the males were selected by the number of 
full sisters assigned to the breeding pens. The superiority of the 
selected males was then calculated as follows, assume a model: 
P = G + E 
P = Phenotypic value 
G = Genetic value of the bird 
E = Random environmental effect, E(E)=0 
o 
Since heritability, h , is the regression of phenotype on genotype, the 
o 
best estimate of the breeding value of an individual is h P. The best 
estimate of the phenotype of a male for egg weight would be its estimated 
genotype G. 
Let Pf = the mean of a male's full sisters 
n = the number of full sisters 
P = population mean egg weight 
r = the genetic correlation between full sibs 
t = the phenotypic correlation between full sibs 
Then it can be shown that 
p 
a —. ») —— o h *nr 
G - P -v i/(Pf-F) where ht = -r—p—rr- = heritability on 
m f m 1+(n
-
1)t: basis of sib se­
lection. 
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Values for G were worked out for all males, and the superiority of 
the selected males was calculated. The selection differential was then 
standardized by dividing by the standard deviation of the G values. 
The phenotypic correlations between traits, and the phenotypic vari­
ance of the traits was calculated from an analysis of variance also used 
for the calculation of heritabilities. 
Heritabilities and genetic correlations were calculated from an 
analysis of variance of the model : 
Yijk = * + si + dij + eijk 
where 
= the observation on the kth individual produced from the 
jth dam mated to the ith sire. 
|i = the population mean 
s^  = the deviation due to the ith sire 
djj = a deviation peculiar to the jth dam mated to the ith sire 
e . =  t h e  d e v i a t i o n  p e c u l i a r  t o  t h e  k t h  i n d i v i d u a l  o f  t h e  j t h  
J dam. 
An hierarchical analysis with unequal subclass numbers was used 
within lines and years. Hatch effects were ignored throughout, but it was 
not anticipated that this would produce much bias since Wyatt (1953) found 
that hatch effects accounted for little more than one percent of the 
total variation in his data, with a considerably longer hatching season 
than in the present data. 
Heritabilities were calculated in the usual way: 
h* = 4S/P 
h^  = 4D/P 
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l-std = 2(S+»)/P 
Where S, D, and P are the sire, dam, and total variance components 
respectively. 
These variance components are inflated by various non-additive, sex-
linked and maternal effects (Kempthorne 1957), hence: 
S estimates l/4 Var A + l/2 Var L + l/l6 Var AA + l/64 Var AAA + etc. 
D estimates l/4 Var A + l/4 Var Do + 3/16 Var AA + l/8 Var ADo 
+ 1/16 Var D0D0 + etc. + maternal effects 
Where Var A represents additive genetic variance, Var Do represents 
dominance genetic variance, and Var L represents variance due to sex-
linkage . 
Genetic correlations were also estimated from an analysis of the 
components of covariance of similar form. Three estimates were obtained 
as follows: 
rGs - Sxy/(Sx-Sy)i 
rGd = Dxy/OVV 
rGstd = S"y * '"y , [(sx+Dy)•(sy+Dx) r 
where, for example, SXy is the estimate of the covariance component due 
to sires for traits x and y, and the covariance components are inflated 
by similar non-additive, sex-linked and maternal effects. 
Phenotypic correlations were estimated from: 
rP = Pxy/ (Px'Py)^  where P = (S+D+-I) 
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RESULTS 
Part A. Means 
Population sizes and inbreeding 
The total number of records on each of the four traits--December 
body weight (BW^ ), December egg weight (EW^ ), March body weight (BWg) and 
March egg weight (EW^ —are given in Table 7. These numbers vary from 
90 records on BW^  in the JB line in generation one to over a thousand in 
the A line in generation three. Mortality and missing observations 
reduced these figures to a minimum of 68 observations on EWg in the j$ 
line in generation one. However, the average number of records in the 
selected lines ranged from 118 for EW£ in the B line to 756 for BW^  in 
the A line. A grand total of 12,630 pedigree pullets were involved in 
the study, apart from the control lines. 
Although efforts were made to minimize inbreeding, some resulted 
from finite population size. Table 8 shows the effective number of 
parents for each line, calculated from the formula: 
N => 4NQ NF 
e Nm + Nf (Wright, 1940) 
where and Nf are the number of males and females leaving progeny 
which become selected breeders in the following generation. 
The effective number of parents varied from 31.3 to 49.4 in the A 
line, but remained relatively constant for the other lines. 
Inbreeding per generation was estimated from the formula A F = l/2Ne 
(Wright, 1931) and is presented in Table 9. 
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Table 7. Number of pullets with records for December body weight (BW^ ), 
December egg weight (EW^ ), March body weight (BWg), and March 
egg weight (EW2) 
Line Generation 
0  1 2  3 4 5 6 7  M e a n  
Hi 
A 1389* 602 916 1104 877 616 540 638 756 
B — - — — 90 152 215 167 193 231 237 184 
C — - — - 91 294 238 163 300 263 184 219 
D — - — - 129 206 234 145 351 240 273 225 
E — - — — 86 241 249 233 170 351 222 222 
RCC ™ - — - - - - 113 289 113 141 105 181 157 
Hi 
A 1413* 599 851 1012 814 389 412 587 666 
B — - — — 89 133 184 143 99 119 200 138 
C — — — - 92 264 197 151 222 184 148 180 
D — — — — 130 196 196 136 282 191 256 198 
E — — — — 86 215 215 205 117 288 196 189 
RCC 104 263 106 105 75 156 135 
Hz 
A 10053 727 848 1023 778 333 484 • * — 699 
B — — — — 110 138 189 150 137 201 154 
C — — — — 114 270 211 124 144 220 181 
D — — — — 147 194 199 124 151 206 - - - 170 
E — — — — 99 222 227 189 113 318 195 
RCC 107 280 93 65 94 -  -  - 128 
M2 
A 1004* 474 754 761 714 344 421 — — — 578 
B — — — — 68 113 104 133 125 164 118 
C — — — — 82 238 148 119 191 170 158 
D — — — — 114 177 108 123 223 181 154 
E — — — — 72 197 175 180 114 283 170 
RCC * — — 90 220 95 108 85 119 
aBase population. 
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Table 8. Effective number of parents 
Generation 
Line 0 1 2 3 4 5 6 Mean 
A 34.4 31.3 33.8 49.4 47.0 48.0 35.2 39.9 
B 24.2 25.3 25.3 25.1 26.9 26.4 27.3 25.8 
C 25.3 25.3 26.0 26.4 23.1 26.7 25.4 25.5 
D 25.4 25.1 25.8 25.9 26.7 26.6 26.4 26.0 
B 24.7 24.7 27.7 25.9 26.6 26.7 23.6 25.7 
Table 9. Estimated inbreeding by lines and generation (percent per 
generation) 
Generation 
Line 0 1 2 3 4 5 6 Total 
A 1.46 1.60 1.48 1.01 1.07 1.04 1.42 9.08 
B 2.06 1.98 1.98 1.99 1.86 1.89 1.83 13.59 
G 1.98 1.98 1.92 1.89 2.16 1.88 1.97 13.78 
D 1.97 1.99 1.94 1.93 1.88 1.88 1.89 13.48 
E 2.03 2.03 1.81 1.93 1.88 1.88 2.12 13.68 
Comparison of the control strains 
The repeat mating and randombred control strains were used to evaluate 
genetic changes in the A line during the seven generations of selection 
for high egg production. Generation means of the A line, the RM2 line 
and the RCC line are shown in Fig. 2, and are given in Table 27 (Appendix). 
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Egg production was not examined in this study, but was of special interest 
in the A line which was selected for this trait. Generation means of body 
and egg weight are also shown in Fig. 2. The difference between the A 
line and the RM2 line in any given generation represents the effect of 
one generation of selection, while the difference between the A line 
and the RCC line in each generation represents the cumulative effects 
of selection. 
On the assumption of negligible genetic changes in the RCC line, 
changes in the selected A line were estimated by the regression of A 
minus RCC on generation numbers. The standard error of the regression 
coefficient shows the precision of the estimation of genetic change. 
Linear genetic changes in the A line were also calculated from the 
RMl and RM2 phases of the Repeat Mating control according to Giesbrecht 
and Kempthorne (1964), which requires the following assumptions: 
a) Year and maternal-year effects vary linearly with years 
b) Real fluctuations in year-to-year response were negligible (i.e. 
genetic change per generation was relatively constant) 
c) Genetic parameters used in the estimation of the variance of the 
regression coefficients were estimated without error. 
Modifications of the repeat mating control system, previously 
described, would tend to reduce the effectiveness of selection of the 
RMl parents of the RM2 population, and might therefore lead to over-
estimation of genetic change. Such an effect would probably be slight. 
Estimates of genetic parameters used to calculate the standard error 
of the regression of genetic change per generation, according to the 
repeat mating control, are presented in Table 28 (Appendix). These 
parameters were calculated in the A line as the mean of five years data 
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weighted according to number of birds. Only A line birds having selected 
RMl full sisters were used in these calculations (see Fig. 1). 
A comparison of the estimated genetic changes in the A line corrected 
according to the RCC and repeat mating controls is given in Table 10. 
In the case of body weight and egg weight the estimates of genetic 
change corrected according to the two control methods were in good agree­
ment, and in view of the large standard errors the difference in sign of 
the regression coefficients for egg production is not unexpected. In 
all cases the standard errors of the regression coefficients were larger 
with the Repeat Mating Control than with the Randombred Control, which 
may be attributed largely to the assumption that year and maternal-year 
effects vary linearly. Examination of Fig. 2 clearly shows linear year 
effects, but random deviations from these may be large. It should also 
be noted that the RM2 control was available only in years three through 
seven, while the Randombred Control started in year two. 
The decision to use only the Randombred Controls in the evaluation 
Table 10. Estimated genetic change in the A line according to the repeat 
mating and randombred controls 
Trait 
Genetic change i standard error estimated from: 
Randombred Repeat mating 
Egg production (%) 
December body weight (lbs.) 
December egg weight (gms.) 
-0.38 + 0.64 
-0.08 + 0.02** 
-0.37 + 0.16 
1.85 + 1.69 
-0.10 + 0.08 
-0.51 + 0.27 
**P < .01. 
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of the effects of selection was based on the following two considerations: 
1) Point estimates of genetic change in body and egg weight were 
in close agreement in both types of controls. 
2) The standard error of the estimated genetic change was lower 
in the randombred controls than in the repeat mating controls. 
In addition to the repeat mating and randombred control lines, the 
A line might be used as a control strain for certain comparisons recog­
nising that genetic changes may have occurred in this line during the 
experiment. In this study the A line was used as a control in a comparison 
of the genetic parameters of all the selected populations, assuming that 
genetic changes were relatively less in the A line than the other lines. 
Generation means 
Generation means for the four traits -- BWp EW^ , BWg and EWg -- are 
presented in Table 29 (Appendix) for lines A through E and RCC. The 
generation means are shown graphically in Figs. 3 and 4, with each mean 
expressed as a deviation from the RCC line. Solid lines in Fig. 2 
represent means of traits subjected to direct selection, while the dashed 
lines represent the responses in correlated traits not under direct 
selection. 
Direct responses to selection were immediate and highly significant 
statistically. In all cases the response was assumed to be linear because 
fitting a second degree polynomial did not significantly reduce the sum 
of squares of deviations from linear regression. Response was symmetrical 
in the body weight lines with a positive regression of +0.232 + 0.037 
pounds for December body weight per generation in the large body line B, 
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and a negative regression of -0.197 + 0.022 pounds per generation in the 
small body line Ç. The direct response to selection in the egg weight 
lines D and E was asymmetrical, with a positive regression of +1.035 + 
0.228 grams for December egg weight per generation in the large egg line 
and a negative regression of 1.612 + 0.174 grams per generation in the 
small egg line E. The absolute values of the latter two regression coef­
ficients are significantly different for P < .05. 
The regression of each trait on generation number is given by lines 
in Table 11. 
In most cases the correlated responses to selection were highly 
significant. Change in B#2 in the body weight lines B and C was greater 
than the direct change in BW^  and was symmetrical, within the limits of 
experimental error. 
A large positive correlated response in both measures of egg weight 
Table 11. Regression coefficients of line means on generation number 
for December body weight (BW^ ), December egg weight (EW^ ), 
March body weight (BW2), and March egg weight (EWg) 
Regression coefficient + standard error 
Line Bti^ Clbs.) EW^ (grams) BW2(lbs.) EWo(grams) 
A 1 o
 
o
 
CO + S C
M O
 
O
 -0.37 + 0.16 
!^
»
 O
 
O
 l + 0.02 -0.29 + 0.14 
B +0.23 + 0.04** +0.75 + 0.21** +0.31 + 0.05** +1.08 + 0.27** 
C -0.20 + 0.02** -1.07 + 0.22** -0.22 + 0.04** -1.14 + 0.30** 
D +0.01 + 0.02 +1.04 + 0.23** +0.03 + 0.03 +1.32 + 0.28** 
B -0.17 + 0.02** -1.61 + 0.17** -0.17 + 0.03** -1.64 + 0.28** 
**P < 0.01. 
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may also be noted in the body weight lines B and Ç. Change in EWg 
measured in grams was greater than the change in EW^  but some of the 
increase in EWg was due to its larger absolute value and the association 
between mean and variance in this data (i.e. this was a scale effect). 
Correlated responses in the egg weight lines D and E were asymmetrical 
in all cases except for EWg- The correlated change in EWg was greater than 
the direct response in EW^ , but this was more pronounced in the large 
egg line D than in the small egg line E. 
No significant linear trends in either BW^  or BWg were observed in 
the large egg line D, but highly significant negative changes in body 
weight in the small egg E line would suggest a positive correlation 
between body and egg weight in the small egg line. 
The only statistically significant trend in the high egg production 
line A was a decline of -0.081 + 0.015 pounds in BW^  per generation. 
Negative linear regressions in the other three traits were not statistical­
ly different from zero. 
Crosses 
Crosses between the B and £ lines and D and E lines were tested in 
generation six. These crosses were housed separately from the pure 
lines, but some pure A line pullets were available as controls. Table 12 
shows the means of the pure lines, both separately and combined, and the 
reciprocal crosses, together with the standard errors. All values are 
expressed as deviations from the A line. 
Since the means of the crosses were not significantly greater than 
the combined means of the pure lines, there was no evidence for heterosis 
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Table 12. Means of pure lines and crosses in generation six, expressed 
as a deviation from the A line (same traits as Table 11) 
Mean + standard error of the mean 
Line BW^  ËW^  BW^  ÈW^  
B 2.03 + 0.05 
+
 1 
00 
0.5 2.32 + 0.05 9.4 + 0.4 
C -0.77 + 0.03 -4.9 + 0.3 -0.88 + 0.03 -5.5 + 0.4 
BxC 0.26 + 0.07 2.6 + 0.7 0.29 + 0.08 2.8 + 0.8* 
CxB 0.26 + 0.07 1.4 + 0.6 0.35 + 0.08 1.2 + 0.7 
B+C 
2 
0.63 + 0.05^  1.5 + 0.5 0.72 + 0.05^  2.0 + 0.5 
D 0.65 + 0.04 10.1 + 0.4 0.69 + 0.05 11.6 + 0.4 
E -0.37 + 0.03 -8.4 + 0.3 -0.57 + 0.03 -8.3 + 0.3 
DxE -0.10 + 0.07 0.2 + 0.6 -0.04 + 0.07 0.6 + 0.7 
ExD 0.18 + 0.08c 0.9 + 0.6 0.31 + 0.09C 1.3 + 0.7 
D+E 
2 
0.14 + 0.05 0.9 + 0.4 0.06 + 0.05 1.7 + 0.4 
S^ignificant differences between reciprocal crosses (P < 0.05). 
M^ean of pure lines significantly heavier than mean of crosses 
(P < 0.01) . 
R^eciprocal crosses significantly different (P < 0.01). 
in any of the four traits. 
In crosses between the body weight lines B and C, the mean of the 
pure lines was significantly larger than the mean of the crosses for 
both BW^  and BW2- This would suggest that genes for small body weight 
are dominant. A significant difference between reciprocal crosses BxC 
and ÇxB for EW2 suggests the possibility of sex-linkage, since the cross 
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with the larger egg weight carried the sex-chromosome from the larger 
line. 
Reciprocal cross differences in the DxE and ExD lines were statisti­
cally significant for BW^  and BWg. Larger body weight in the EidD cross, 
in which the maternal parent laid a large egg, suggests that this differ­
ence may be due to a maternal effect associated with the size of the 
hatching eggs. No other statistically significant differences were 
observed. 
Selection differentials and realized heritabilities 
The means of all pullets, the selected pullets, all males and the 
selected males are given in Tables 29 and 30 (Appendix), and phenotypic 
standard deviations of all traits for the pullets are given in Table 31 
(Appendix). 
The standardized selection differential is defined as: 
X_ - X 
S.D. = — 
s 
where Xs and X are the means of the selected and total populations of 
males or females, respectively, and s is the phenotypic standard devia­
tion of the trait. These selection differentials were calculated 
separately for males and females, and are presented in Table 13. 
In the males, selection was more effective for body weight (B and 
Ç lines) than for egg weight (D and E lines) because the body weight line 
males were selected on their own individual phenotype while the egg weight 
line males were selected on their full sib record. Female selection 
differentials were slightly larger in the egg weight lines than in the 
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Table 13. Selection differentials in standard deviation units 
Generation 
Line 0 1 2 3 4 5 6 Total 
Males 
B 2.12 1.23 1.67 1.03 0.85 1.73 1.61 10.24 
C -1.26 -0.93 -1.38 -0.70 -1.20 -1.24 -1.89 -8.60 
D 1.20 0.85 1.24 0.62 0.63 1.39 0.43 6.36 
E -0.72 -0.79 -1.53 -0.25 -0.47 -0.54 -1.01 -5.31 
Females 
B 1.53 0.54 0.65 1.08 0.39 0.53 0.95 5.67 
C -1.41 -0.13 -0.84 -0.68 -0.31 -0.88 -0.89 -5.14 
D 1.52 0.63 0.95 0.80 0.50 1.08 0.93 6.41 
E -1.22 -0.37 -0.92 -1.09 -0.79 -0.43 -1.21 -6.03 
Mean 
B 1.83 0.89 1.16 1.06 0.67 1.13 1.28 8.02 
C -1.34 -0.53 -1.11 -0.69 -0.76 -1.06 -1.39 -6.88 
D 1.36 0.74 1.10 0.71 0.57 1.24 0.68 6.40 
E -0.97 -0.58 -1.23 -0.67 -0.63 -0.47 -1.11 -5.66 
body weight lines, but the difference was probably within the limits of 
sampling error. 
The total selection differentials averaged over males and females 
are given at the bottom of Table 13. Selection was most intense in the 
large body line B, with a total of 8.02 standard deviation units, and was 
least in the small egg line E with 5.66 standard deviation units. 
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Realized heritability was calculated from the regression of generation 
means on cumulative selection differential (Falconer, 1960), shown in Fig. 
5 for the body weight lines B and Ç, and in Fig. 6 for the egg weight 
lines D and E. 
The cumulative selection differential in the 1$ line was nearly twice 
as large as in the Ç line by generation seven, though the difference in 
the standardized selection differentials for the two lines was slight. 
This was because the larger mean body weight in the B line was associated 
with a corresponding increase in the standard deviation, when measured on 
an arithmetic scale. The slope of the regression line (Fig. 5) was 
0.343 + 0.046 in the 1$ line and -0.521 j; 0.029 in the C line. The slope 
of the regression line, without regard to sign, represents the realized 
heritability. 
The realized heritabilities in the B and C lines were asymmetrical, 
and the difference was highly significant, statistically. Since the 
total response to selection in these two lines was symmetrical, it must 
be concluded that the greater selection differential in the B line 
cancelled out the lower realized heritability, to give a total response 
equal to the £ line. 
Realized heritabilities were highly asymmetrical in the egg weight 
lines (Fig. 6), with a value of 0.240 + 0.047 in the D line and 0.547 + 
0.043 in the E line. The difference was highly significant, statistically. 
Although transformation to a log scale removes the dependence of the 
mean and variance, this had little influence on the realized heritabilities 
of body weight, and slightly increased the asymmetry in the egg weight 
lines. The realized heritabilities on the arithmetic and log scale are 
2 
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Fig. 5. Realized heritabilities in the body weight lines 
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Fig. 6. Realized heritabilities in the egg weight lines 
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summarized in Table 14. 
Realized genetic correlations 
The change in a character Y as a response to direct selection for 
character X is given by, 
OVhY 
CRy = RxrG- (Falconer, 1960) 
where 
CRy = correlated response in trait Y 
R^  = direct response in trait X 
rG = genetic correlation between traits X and Y 
ory,oj[ = phenotypic standard deviations of traits X and Y 
h^ ,hy = square roots of the heritabilities of traits X and Y 
Solving for rG gives: 
rG !S by.x Z 
where 
by.% = regression of trait Y on trait X in succeeding generations 
and 
Z =3^ 
Oyhy 
Regressions of each of the correlated traits on the selected trait 
for each line are shown in Figs. 7, 8, and 9. A log scale was used, to 
avoid the correlation between the mean and the variance, and for con­
venience values for the G and E lines were graphed in the first instead 
of in the third quadrant. All values were taken relative to the RCC 
control strain. 
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Table 14. Realized heritabilities 
Heritability + standard deviation 
Trait Line Arithmetic scale Logarithmic scale 
Dec. body B 0.343 + 0.046 0.327 + 0.046 
weight 
C 0.521 + 0.029 0.499 + 0.034 
Dec. egg D 0.240 + 0.047 0.262 + 0.045 
weight 
E 0.547 + 0.043 0.602 + 0.028 
Highly significant linear regressions of EW^  on BW^  were found in 
the B and C lines, and a highly significant regression of BW^  on EW^  was 
found in the E line (Fig. 7). A non-significant regression of B¥^  on EW% 
was found in the D line. Curvilinear!ty of response was not evident in 
any of the lines. 
Regressions of BWg and EW£ on in lines B and £ are shown in 
Fig. 8. Again curvilinearity of the regression, which would indicate a 
change in the genetic correlations, was not evident. A positive change 
in EWg as a response to change in EW^  occurred in lines D and E, and 
was linear, as shown in Fig. 9. Response in BW2 in the small egg line 
E was approximately linear, but no statistically significant trend was 
found in the D line. A regression of zero would imply that the two 
traits were uncorrelated. 
Realized genetic correlations, calculated from the regressions of 
the correlated trait on the selected trait and the number Z as previously 
defined, are given in Table 15. Realized heritabilities were used in 
these calculations, maintaining the distinction between upward and 
Fig. 7. Correlated changes in December egg weight (B and Ç lines) and December body weight (D and 
E lines) in response to changes in the selected trait. Values for the jC and E lines have 
been graphed in the first instead of the third quadrant. The realized genetic correlation 
is equal to b times a constant Z defined in the text 
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Table 15. Realized genetic correlations between Dec. body weight (BW^ ), 
Dec. egg weight (EH^ ) , March body weight (BWg) and March 
egg weight (EW^ ) 
Realized correlation + minimum standard error 
Trait Line BW1 EW^  BW^  
MI B 0.60 + 0.10 1.11 + 0.16 0.62 + 0.12 
C 0.57 0.06 1.10 4- 0.11 0.69 "F 0.10 
— 
EHX D 0.10 0.12 0.26 + 0.15 1.00 + 0.07 
E 0.78 0.08 0.76 4. 0.14 0.88 0.04 
downward selection. Heritability was assumed to be the same in March as 
in December. For example, in calculating the realized genetic correlation 
between BW^  and EWg in the B line the heritability used for EWg was 
the realized heritability of EW^  calculated from the D line. 
Minimum standard errors were calculated on the assumption that Z 
was estimated without error. 
Realized genetic correlations were also calculated on the arithmetic 
scale, and agreed closely with the above correlations. 
Four estimates of the correlation between BW^  and EW^  were available, 
one from each line. Estimates obtained in the 1$, £ and E line were in 
good agreement, within the limits of sampling error. The realized genetic 
correlation in the D line was considerably lower, and not significantly 
different from zero. Estimates of the correlations between BW^  and EWg, 
and EW^  and followed a similar pattern, though all correlations were 
slightly larger than the BW^  x EW^  correlations. 
Correlations between the two measures of body weight in the body 
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weight lines were greater than one, but this could be accounted for by 
sampling errors. High correlations between the two measures of egg weight 
were also found in the egg weight lines. 
Population standard deviations and coefficients of variation 
Phenotypic standard deviations for each of the four traits -- BW^ , 
E@i, BWg and EWg are given in Table 31 (Appendix). 
Changes in the mean caused associated changes in the standard devia­
tions which were approximately proportional to the mean. Changes in the 
standard deviations not accounted for by changes in the mean were evaluated 
in terms of the coefficients of variation: 
C.V. = -4-
X 
where _s is the sample standard deviation, and X is the sample mean. 
Coefficients of variation for each line and year are given in Table 
32 (Appendix), and trends in the coefficients of variation of BW^  and EW^  
relative to the A line are shown in Fig. 10. A factorial analysis of the 
coefficients for all traits is given in Table 16. 
Trends and line differences were analyzed in a 7 x 5 single replicate 
factorial analysis. Orthogonal contrasts between the lines compared : 
A versus the rest, where the A line was assumed to be relatively less 
affected by selection than the other lines : B+Ç body weight lines versus 
ÎH-E egg weight lines: and B+_D high lines versus Ç+E low lines. Linear 
and quadratic contrasts were calculated from the year (generation) dif­
ferences. Interactions between the linear and quadratic components of 
the year effects with line differences were also calculated, and the 
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Table 16. Factorial analysis of the coefficients of variation 
Mean square 
Source D.F. Dec. body wt. March body wt. Dec. egg wt. March egg wt. 
Lines 4 2.5378** 3.9560 0.3668 1.3800 
A vs. rest 1 1.5751 3.8115 0.3450 0.0006 
B+D vs. Ç+E 1 0.2507 1.5086 0.7232 0.6003 
B+Ç vs. IH-E 1 8.0357** 10.4432** 0.0604 1.4175 
Years 6 3.7113** 3.1745 1.8530* 1.9233 
Linear 1 1.2071 3.4258 0.4346 3.6160 
Quadratic 1 0.1234 9.4800* 1.4881 2.1002 
Rest 4 5.2343** 1.5352 2.2988* 1.4559 
Lines x years 
(linear) 
4 0.7568 0.6266 0.3058 1.6755 
Lines x years 
(quadratic) 
4 0.6206 0.1884 0.1444 0.2905 
Error 16 0.4644 1.8699 0.5183 2.2280 
**Statistically significant at the 1 percent probability level. 
S^tatistically significant at the 5 percent probability level. 
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error was estimated from the remaining degrees of freedom. All factors 
were assumed to be fixed. 
Significant line differences were found only in the case of BW^  (Table 
16) which was attributed to lower mean coefficients of variation in the 
body weight lines IS and Ç. The difference between the B+Ç and IMS lines 
was also highly significant statistically for BWg. 
Year means of the coefficients of variation were only statistically 
significant for body weight. No linear trends were observed, and the 
significance of line differences of higher order than quadratic is 
attributed to random year effects. The significant quadratic effect for 
BMg was also probably due to chance year effects. An immediate decline 
in the first generation was found in most cases, but whether this was 
due to selection or to a random year effect is obscure. 
Part B. Variance and Covariance Component Analysis 
The total phenotypic variance (or covariance) may be partitioned 
into components contributed by the sire, dam and remainder : 
or2 = (j2 + Q-2 + (j2 
p s d e 
where cr% is the total phenotypic variance, <j2 £s the proportion con-
P s 
tributed by the sire, etc. The genetic components of variance and co-
variance (a| and o^ ) were calculated for each line and year, and are 
presented in Tables 32a and 32b (Appendix). Heritabilities, phenotypic 
and genetic correlations calculated from these components are given in 
Tables 32c through 32d (Appendix). 
Two separate analyses of the main factors influencing the variance 
and covariance components, heritabilities and correlations, were made as 
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follows: 
1) First analysis Separate estimates within each generation were 
combined into two sets by pooling generations one through three 
and four through six, respectively. Variations between lines, 
estimation criterion (sire or dam) and different variables or 
covariables were then subjected to an analysis of variance. 
2) Second analysis The four variance components, heritabilities 
etc. from sire and dam and the December and March data were 
combined into a single estimate for body weight or egg weight 
for each generation. The covariances and correlations between 
body weight and egg weight were likewise pooled into a single 
estimate for each line and generation. Analyses of the correlations 
and covariances between and BWg, and between EW^  and EWg 
were omitted. 
First analysis 
Means of the variance and covariance components classified by lines, 
estimation criterion (sire or dam), and first versus last three genera­
tions are given in Table 17. The mean genetic variance for body weight 
was 0.040, but individual lines ranged from 0.018 (C line) to 0.053 (A 
line). Differences between the December and March estimates were slight. 
The mean genetic variance for egg weight was 2.312, but line means ranged 
from 0.922 (E line) to 3.180 (A line). 
Covariances between the two estimates of the same trait differed 
considerably from those between body weight and egg weight because of 
the scale of measurement (i.e^ . eggs were weighed in grams, and body 
Table 17. Means of the genetic variance and covariance components for BW^ , EW^ , BWg and EW^  
Over- Estimation 
Variable or all Line means method Averaged over generations 
covariable mean ABODE Sire Dam First 3 Last 3 
Variance components 
BW1 0.039 0.047 0.047 0.018 0.037 0.045 0.031 0.046 0.046 0.031 
BW2 0.041 0.053 0.036 0.024 0.051 0.042 0.032 0.050 0.043 0.039 
BW 0.040 0.050 0.045 0.021 0.044 0.044 0.032 0.048 0.045 0.035 
EWX 2.250 2.830 2.161 2.140 2.552 1.571 1.863 2.641 2.160 2.340 
EW2 2.375 3.180 1.841 3.001 2.932 0.922 2.701 2.050 2.050 2.690 
EW 2.312 3.005 2.001 2.571 2.742 1.247 2.282 2.345 2.105 2.515 
Table 17. (Continued) 
Over- Estimation 
Variable or all Line means method Averaged over generations 
covariable mean A B C D E Sire Dam First 3 Last 3 
Covariance components 
BWX x EW1 0.141 0.229 0.123 0.113 0.063 0.178 0.144 0.139 0.165 0.117 
BWj x BW2 0.038 0.049 0.041 0.018 0.044 0.040 0.035 0.042 0.045 0.032 
BWX x EW2 0.146 0.221 0.078 0.133 0.094 0.202 0.176 0.115 0.168 0.123 
EWX x BWg 0.158 0.241 0.138 0.130 0.100 0.178 0.153 0.162 0.183 0.133 
EWL x EW2 1.930 2.670 1.061 2.390 1.961 1.480 2.151 1.710 1.970 1.890 
BW2 x EW2 0.163 0.239 0.086 0.160 0.120 0.211 0.175 0.151 0.193 0.133 
BW x EW 0.152 0.233 0.106 0.134 0.094 0.192 0.162 0.142 0.177 0.127 
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weight in pounds). The mean covariance between body weight and egg 
weight was 0.152, ranging from 0.078 (B line) to 0.241 (A line). 
The analysis of variance of the variance and covariance components 
is presented in Table 18. For purposes of analysis the December and March 
estimates were considered to be replicates, though strictly they were 
not independent. 
Line differences in the variance components were statistically sig­
nificant for body weight, egg weight, and the covariance between body and 
egg weight. In all cases the A line mean was largest (the A line was the 
control in this section). Other line differences were less consistent. 
The mean genetic variance of the (I line was lower than all other lines 
for body weight, and the E line was lowest for egg weight, but these 
low values may reflect some correlation between the mean and the variance, 
rather than a true reduction in genetic variance. The mean covariance 
between body and egg weight was lower in the 1$ and D lines than in the 
small lines £ and E. 
The sire component of variance was significantly less than the dam 
component for body weight, but differences for egg weight or the covariance 
between body weight and egg weight were not significant. However, the 
interaction of lines and estimation criterion (sire or dam) was highly 
significant both for egg weight, and for the covariance between body and 
egg weight. This is clarified in Table 19, which shows the mean genetic 
variance and covariance for egg weight and body weight x egg weight, 
respectively, according to line and the sire or dam component. 
The sire component was consistently less than the dam component in 
lines A, B and Ç. In contrast, the sire component was considerably 
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Table 18. Analysis of the variance and covariance components of body 
weight (BW), egg weight (EW), and the covariance between body 
and egg weight (BW x EW) 
Mean squares of the Mean squares of the 
Source of variance component analysis cov. component analysis 
variation D.F. BW EW D.F. BW x EW 
Lines (L) 4 99,173* 39,407* 4 55,620* 
December vs 
March estimate 
(Replicates) 1 6,027 1,488 3 2,073 
Sire vs dam (S) 1 260,338** 422 1 8,200 
First three vs 
last three gen­
erations (E) 1 88,453 16,892 1 50,803 
L x S 4 63,160 69,139** 4 63,046** 
L x E 4 18,375 24,545 4 16,975 
S x E 1 4,906 45,698 1 36,211 
Error (pooled 
interactions) 23 26,424 13,569 61 13,657 
Total 39 79 
*P < .05. 
**P < .01. 
larger than the dam component in the egg weight lines D and E. Differ­
ences between the sire and dam components of variance or covariance may 
be attributed to sex-linkage and maternal effects. The importance of 
sex-linkage in the inheritance of egg weight and the relationship between 
body weight and egg weight has already been discussed (Osborne 1953 and 
1954). Apparently, in this case selection for egg weight somehow 
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Table 19. Mean sire and dam components of variance and covariance for 
egg weight, and body weight x egg weight, by lines 
Line Sire estimate Dam estimate Ratio S/D 
Egg weight 
A 2.78 3.24 0.86 
B 1.31 4.41 0.30 
G 1.65 3.50 0.47 
D 3.03 2.47 1.23 
E 2.66 -0.17 >1.00 
Body weight x egg weight 
A .217 .248 0.88 
B .036 .176 0.20 
C .126 .142 0.89 
D .147 .042 3.50 
E .284 .101 2.81 
increased the sex-linked genetic variance of egg weight. The sex-linked 
covariance of the relationship between body weight and egg weight was 
also increased. This will be discussed later. 
Mean heritabilities for each of the four traits BW^ , EW^ , BWg and 
E%2 are presented by line, estimation criterion (sire or dam), and the 
first versus the last three generations in Table 20. An analysis of 
variance of these results is given in Table 21. This analysis included 
the body and egg weight heritability estimates, since the difference 
between the heritabilities of body and egg weight were of interest. 
Table 20. Estimated heritabilities for BW^ , BWg, EW^  and EWg 
Over- Estimation 
all Line means method Averaged over years: 
Trait mean ABODE Sire Dam First 3 Last 3 
BW^  0.51 0.64 0.44 0.43 0.42 0.64 0.42 0.61 0.60 0.42 
BW2 0.53 0.60 0.38 0.58 0.49 0.61 0.41 0.65 0.53 0.54 
BW 0.52 0.62 0.40 0.51 0.46 0.63 0.42 0.63 0.57 0.48 
EWX 0.47 0.59 0.40 0.58 0.37 0.42 0.40 0.55 0.49 0.45 
EW2 0.47 0.60 0.32 0.67 0.43 0.32 0.51 0.43 0.46 0.47 
EW 0.47 0.60 0.36 0.63 0.40 0.37 0.46 0.49 0.48 0.46 
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Table 21. Analysis of the heritability estimates for BWi , BW9, EW-, and 
EW2 
Source of variation D.F. M.S. 
Lines (L) 4 0.1354* 
Heritabilities 3 0.0204 
Sire vs dam (S) 1 0.3156* 
First three vs last three 
generations (E) 1 0.0523 
L x S 4 0.0421 
L x E 4 0.0299 
S x E 1 0.1717 
Error 61 0.0502 
Total 79 
*P < .05. 
The mean heritability of body weight was 0.52, while that of egg 
weight was 0.47, but the difference is not statistically significant. 
Line differences were statistically significant, with lower mean herit­
abilities in the large lines, B and D than in the A line and the small 
lines, Ç and E. The sire component of heritability was significantly 
smaller than the dam component, but the difference was greater for body 
weight than for egg weight. Although the estimates of heritability in 
the last three generations of selection were lower than in the first 
three, the differences were not statistically significant. 
Means of the estimated phenotypic and genetic correlations are 
69 
presented in Table 22 by lines, and first three versus last three gen­
erations of selection. Sire and dam estimates of the genetic correlations 
were not analyzed separately because the sampling errors seemed excessively 
large, ,i.,e. several negative estimates of variance components prevented 
the use of the usual formula for calculating genetic correlations. 
An analysis of variance of the estimations of the phenotypic and 
genetic correlations is presented in Table 23. All six possible corre­
lations between the four traits BW^ , BW^ , EW^  and EW2 are included in the 
analysis, and error was estimated from the three-way interaction of lines 
x correlations x first versus last three generations of selection. 
The mean phenotypic correlations ranged from 0.22 (for BW^  x Eti^  in 
the B line) to 0.68 (for BW^  x BW^  in the A and D lines). All the corre­
lations between body weight and egg weight were significantly lower than 
those between the two measurements of the same trait. Line differences 
were highly significant, mainly because of the lower correlation between 
body and egg weight in the JB line. 
The phenotypic correlations between all traits were lower in the 
last three compared with the first three generations of selection. The 
BW x EH correlations declined from 0.37 to 0.30, but line by generation 
interactions were statistically significant, indicating that the change 
in the correlations was not the same for all lines. 
The genetic correlations tended to be higher than the phenotypic 
correlations; line means ranged from 0.18 (for BW^  x EW2 in the B line) 
to 1.06 (for B¥1 x BWg in the D line). Again the correlations between 
body and egg weight were significantly lower than those between 6ie two 
estimates of the same trait. 
Table 22. Means of estimated phenotypic and genetic correlations between BWj, BWg, EW^  and EWg 
Over­
all Line means Averaged over generations 
Correlation mean ABODE First 3 Last 3 
Phenotypic correlations 
BW x EWX 0.33 0.38 0.28 0.31 0.35 0.36 0.36 0.31 
Bwj x BW2 0.65 0.68 0.63 0.61 0.68 0.65 0.66 0.63 
BW, x EW2 0.30 0.31 0.22 0.27 0.37 0.33 0.33 0.26 
EW, x BW2 0.36 0.39 0.23 0.33 0.40 0.45 0.41 0.30 
EW^  x EW2 0.61 0.66 0.50 0.64 0.64 0.60 0.66 0.55 
BW2 x EW2 0.35 0.39 0.25 0.33 0.43 0.36 0.37 0.33 
BW x EW 0.34 0.37 0.25 0.31 0.39 0.38 0.37 0.30 
Genetic correlations 
BW1 x EW 0.52 0.64 0.38 0.62 0.26 0.69 0.60 0.44 
BW, x Bwi 0.94 0.98 0.90 0.85 1.06 0.89 0.96 0.91 
BWx x Evq 0.46 0.58 0.18 0.58 0.29 0.71 0.51 0.42 
EW, x BW2 0.50 0.63 0.34 0.60 0.31 0.66 0.59 0.41 
EW1 x EW2 0.80 0.91 0.69 0.88 0.69 0.83 0.85 0.76 
BW2 x EW2 0.49 0.59 0.35 0.52 0.35 0.64 0.59 0.39 
BW x EW 0.49 0.61 0.31 0.58 0.30 0.68 0.57 0.42 
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Table 23. Analysis of variance of the phenotypic and genetic correlations 
between BW^ , BWg, EW^  and EWg 
Source of variation 
Mean square 
D.F. Phenotypic Genetic 
Lines (L) 4 0.0322** 0.1944** 
Correlations (C) 5 0.2334** 0.3946** 
First three vs last 
three generations (E) 1 0.0776* 0.2402** 
L x C 20 0.0021 0.0210 
L x E 4 0.0192* 0.0670* 
C x E 5 0.0027 0.0099 
Error (L x C x E) 20 0.0057 0.0201 
Tc >al 59 — 
**P < .01. 
*P < .05. 
The highly significant line differences between the genetic correla­
tions reflect lower correlations in the large body and egg lines (B and 
D) compared with the A line and the small lines (G and E). The mean 
genetic correlation between body weight and egg weight was 0.61 in the A 
line, 0.58 in the G line and 0.68 in the E line, but fell to 0.31 in the 
large body line B and 0.30 in the large egg line D. 
All correlations were lower in the last three compared with the first 
three generations. Thus, for BW x EW the correlations declined from 0.57 
to 0.42, but the line by generation interaction was statistically sig­
nificant. 
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Generation trends in the variance and covariance components, 
heritabilities and correlations are considered in more detail in the 
second analysis. 
Second analysis 
Generation trends and line differences in the variance and covariance 
components, heritabilities and correlations were analyzed for mean body 
weight, mean egg weight, and mean body weight x egg weight. 
The design was a single replicate of a 7 x 5 factorial described 
previously. All factors were assumed fixed, although this assumption was 
not strictly valid for "generations", which were confounded with random 
year effects. Each individual value was the mean of at least four 
estimated values,and a normal distribution was assumed although the four 
estimates were not strictly independent. 
The factorial analysis of the variance components and heritabilities 
is presented in Table 24. Line differences were tested by a set of 
orthogonal contrasts for 1) control line versus the rest (where the A 
line is considered an unselected control), 2) body weight versus egg 
weight lines, and 3) high versus low lines. 
Line differences in the variance components of body weight are 
mainly reflections of lower values in the selected lines compared with 
the A line, and of lower mean genetic variance for body weight in lines 
II and (Ï. Line differences in the heritability of body weight, however, 
are mainly reflections of the lower values for the large lines B and 
D compared with the small lines. 
Generation differences were statistically significant for both sets 
Table 24. Analysis of the variance components and heritabilities of body weight (BW) and egg 
weight (EW) 
Variance components Heritabilities 
Source D.F. BW EW BW EW 
Lines 4 1 .0242* 0.4244 0.0611* 0.0850 
A vs rest 1 1.0149* 0.5041 0.0506 0.0963 
B+D vs C+E 1 0.8879 0.1497 0.1188* 0.0722 
B+G vs EH-E 1 1.3055* 0.0814 0.0580 0.0591 
Generations 6 0 .6920* 0.7285* 0.0551* 0.0643 
Linear 1 0.8259 0.6133 0.0411 0.1423 
Quadratic 1 0.6160 0.2815 0.0059 0.0168 
Rest 4 0.6775* 0.9248* 0.0710* 0.0567 
Lines x generations 
(linear) 
4 0 .2412 0.1770 0.0023 0.0116 
Lines x generations 
(quadratic) 
4 0 .1522 0.0311 0.0102 0.0061 
Error 16 0 .2168 0.2573 0.0173 0.0356 
*P < .05. 
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of variance components, and for the heritability of body weight. However, 
no consistent linear change could be demonstrated; all the generation 
differences could be attributed to random year effects. The latter seem 
to have influenced the genetic components of variance in all lines 
similarly. The fluctuations in year to year heritability estimates of 
body weight are shown in Fig. 11. Apart from the E line, which seemed 
to be one generation out of step, all lines declined the first generation, 
increased up to generation three, and then declined. 
An analysis of generation and line differences for the genetic 
covariance, phenotypic and genetic correlations is given in Table 25. 
Trends in the phenotypic and genetic correlations between body weight and 
egg weight are shown in Figs. 12 and 13. 
Line differences in the covariance components reflect lower genetic 
covariances in the selected lines compared with the A line. Highly 
significant year differences were due to a linear decline in the covari­
ances over generations and to random year effects. 
Line differences in the phenotypic correlations reflect the lower 
mean correlations in the body weight lines 13 and Ç. Negative generation 
trends were highly significant, and the highly significant interaction 
of "Lines x generations (linear)" for the body weight versus the egg 
weight lines indicates that the decline in the phenotypic correlation was 
significantly greater in the body weight lines than the egg weight lines. 
These trends are shown in Fig. 12, where lines A, D and E maintained the 
phenotypic correlation at about 0.4, with only a slight decline, whereas 
the phenotypic correlation in lines 13 and Ç declined to about 0.2 by the 
fourth generation. 
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Fig. 11. Yearly trends in the mean heritability of body weight 
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Fig. 12. Phenotypic correlations between body weight and egg weight 
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Line differences and generation trends in the genetic correlations 
between body and egg weight are shown graphically in Fig. 13. Immediate 
line differences appeared in generation one, with the correlation in­
creasing in the small lines Ç and E, but decreasing in the large lines 
B and B. By generation three the mean genetic correlation in the low 
lines was 0.73, while in the large lines JB and D it had declined to 0.34. 
After generation three there was a sharp decline in the correlations in 
the C and E lines, and all selected lines declined drastically in genera­
tion five. By generation six the mean correlation in the small lines 
Ç and E was below that of the base population, but was still larger than 
in lines J$ and D. The genetic correlation in the A line remained un­
changed at about 0.6 throughout the experiment, indicating that most of 
the changes in the other lines were genetic rather than environmental. 
The factorial analysis of the trends in the genetic correlations 
between body and egg weight is given in Table 25. The mean correlation 
in the large lines ji and D was significantly lower than in the small 
lines G and E. The over-all linear generation trend was a statistically 
significant decline, but the interaction of lines with the linear com­
ponent of generations was also significant, and the orthogonal comparison 
of "A versus the rest" indicates that the decline was significantly 
greater in the selected lines than in the A line (which did not decline). 
The quadratic trend in the low lines Ç and E compared with B and D was 
also statistically significant. 
78 
0 1 2 3 4 5 6 
Gene ra t  i  o  n  
Fig. 13. Genetic correlations between body weight and egg weight 
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Table 25• Factorial analysis of the genetic covariance (Gov) and the 
phenotypic (rP), and genetic (rG) correlations between body 
and egg weight 
Source of Mean squares 
variation D. F. Gov rP rG 
Lines 4 1.8142 0.0167* 0. ,1317** 
A vs. rest 1 4.1786* 0.0127 0.0592 
B+D vs. C+E 1 2.2487 0.0018 0.4207** 
B+C vs. IH-E 1 0.2402 0.0401** 0.0012 
Generations 6 2.6254** 0.0117* 0, .0863* 
Linear 1 8.0981** 0.0371** 0.2390** 
Quadratic 1 0.0157 0.0024 0.0156 
Rest 4 1.9097** 0.0077 0.0657* 
Lines x generations 
(linear) 
4 0.2364 0.0105 0 .0803* 
A vs. rest 1 0.3709 0.0066 0.0784* 
B+D vs. C+E 1 0.0820 0.0048 0.0382 
B+C vs. D+E 1 0.4827 0.0479** 0.0019 
Lines x generations 
(quadratic) 
4 0.2519 0.0026 0 .0189 
B+D vs. C+E 1 0.0101 0.0017 0.0734* 
Error 16 0.6211 0.0036 0 .0158 
*P < .05. 
**P < .01. 
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Part C. Comparison of Expected and Observed Response to Selection 
Approximate 95 percent confidence intervals for the expected response 
to selection for body and egg weight were calculated from the usual 
prediction equation: 
G = h2 i 
o 
where G is the expected change per generation, h is the heritability of 
the selected trait, and 1. is the cumulative selection differential. 
Standard errors of the heritability estimates were calculated by the 
method of Osborne and Patterson (1953), and the actual selection differ­
entials were assumed to be calculated without error. Heritability 
estimates obtained from the base population were: 
h2 = 0.669 + 0.074 for December body weight 
h2 = 0.681 + 0.087 for December egg weight 
The confidence intervals and observed responses to selection are 
shown graphically in Fig. 14. Predictions tended to over-estimate genetic 
change, but observed responses in the body weight lines B and (J were 
within the confidence intervals up to about generation four, after which 
the response in the B line was less than predicted from the parameter 
estimates. The observed response in the C line has remained within the 
confidence intervals throughout the experiment. 
The prediction equations considerably over-estimated the genetic 
change in the D line; the observed values fell within the confidence 
interval only in generations one and two. On the other hand the response 
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Fig. 14. Upper (+) and lower (-) ninety-five percent confidence intervals for selection 
response expected from base population heritability estimates. Solid lines 
represent actual selection response 
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in the E line has remained within the confidence interval throughout the 
experiment. 
Examination of the mean heritabilities of December body weight in the 
B and (Ï lines (Table 20) reveals that the base population estimate of 
0.669 was considerably larger than in the subsequent generations (mean 
0.44), so that much of the over-estimation of the genetic change can be 
attributed to the decline in the heritabilities of body weight in the B 
and ^  line from selection. Similarly, mean heritability of December egg 
weight in the egg weight lines was 0.37 in the D line, and 0.42 in the E 
line, both of which are considerably lower than the base population 
estimate. Unfortunately, the only estimate of the standard error of these 
heritabilities is the empirical estimate obtained from the analysis of 
variance in Table 21, from which the standard error of the mean heritability 
is estimated to be 0.112, Using this standard error and the lower herit­
ability estimates, even the D line conformed to expectation, but the 
confidence intervals were too wide to provide a useful comparison. 
Prediction of the correlated responses can not be more accurate than 
prediction of the direct responses, since the prediction equation includes 
the predicted direct responses. No attempt was made to compare the 
observed and predicted correlated responses because of the difficulty of 
estimating the significance of the differences. However, a comparison 
of the genetic correlations calculated from the base population shown in 
Table 26, with the realized genetic correlations shown in Table 15 
revealed that the calculated genetic correlations were within two 
standard deviations of the realized genetic correlations in all cases 
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Table 26. Base population genetic correlations between BW, , EW^, BW« 
and EWg 
Correlated traits Correlation 
BWX x EW^ 0.69 
BW1 x BWg 0.93 
BW1 x EW2 0.51 
EW1 x BWg 0.56 
EWX x EWg 0.94 
BWg x EWg 0.55 
except for the correlation between December body weight and December egg 
weight in the D line. 
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DISCUSSION 
Responses to Selection 
Selection and other forces acting on the five populations in this 
study caused large genetic changes, whose main features were : 
1) Large, linear, asymmetrical direct responses to two-way selection 
for body weight and egg weight. 
2) Line differences in the means of the variance components and 
heritabilities, but no detectable linear trends. 
3) Line differences in the relative importance of the sire and dam 
components of variance for egg weight and the covariance between 
body weight and egg weight. 
4) Asymmetrical correlated responses to selection. 
5) Highly significant linear declines in the calculated phenotypic 
and genetic correlations between body weight and egg weight, 
in the selected lines. 
At least four forces influenced these changes: 
1) The previous history of the base population, which was a cross 
between four commercial lines, controlled gene frequency, and 
linkage equilibrium. 
2) Limited population size controlled rate of inbreeding and rate 
at which linkage equilibrium was approached. Deliberate 
deviations from random mating would have increased the effective 
population size. 
3) Natural selection would, in general, have tended to resist 
genetic change. 
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4) Artificial selection acted directly on body weight and egg 
weight in a way already described. 
The observed genetic changes will be discussed with respect to 
each of these four forces. 
Direct responses to selection 
Causes of asymmetrical responses to selection discussed by Falconer 
(1954 and 1960), include: 
1) Asymmetrical selection differentials 
2) Scale effects 
3) Dominance 
4) Inbreeding depression 
5) Selection of heterozygotes 
6) Systemmatic environmental trends 
7) High initial gene frequencies 
8) Asymmetrical effects of natural selection 
Differences in the selection differentials in the upward and downward 
selected lines are accounted for in the calculation of the realized 
heritabilities, which were asymmetrical, thus this factor can not account 
for the observed response. 
Since correction of the means to a log scale did not reduce the 
asymmetry of the realized heritabilities, asymmetry was probably a real 
effect -- not caused by the scale of measurement. 
If the majority of the genes controlling a trait are dominant in 
one direction, greater progress would be made in the direction in which 
the genes are recessive (Falconer, 1960). Crosses between the body 
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weight lines B and Ç indicated dominance of alleles for small size over 
those for large size, hence greater progress would be expected in the 
upward selected lines. However, this did not prove to be the case: 
greater progress was obtained in the down selected line (C). 
Inbreeding depression is expected to cause downward asymmetry, but 
the amount of inbreeding was small (9-14 percent), and body and egg weight 
ara not subject to much inbreeding depression. Using the estimates of 
the regression of body and egg weight on inbreeding given by Blow and 
Glazner (1953), a total decline of about 14 grams body weight and 0.5 
grams egg weight is estimated to have occurred over the entire seven 
year period from inbreeding. Even allowing a wide margin for error, 
inbreeding could hardly account for all of the asymmetry observed in this 
experiment. 
Where selection in one direction favors heterozygotes, and in the 
other direction homozygotes, greater progress would be made in selecting 
for the homozygotes (Falconer, 1960). Overdominance might cause such a 
situation. Examination of the literature, and a study of the results 
of crossing the selected lines indicates that nonadditive genetic variance 
is of minor importance in the inheritance of body and egg weight, hence 
heterozygosity can not explain the asymmetry. 
Use of an unselected control strain should prevent bias caused by 
systematic environmental trends, provided the control strain did not 
change genetically. The RCC control population was started in 1956, the 
same year as this experiment, so that relaxed selection may have caused 
changes in the control population. However, King (1963) was unable to 
detect any linear changes in the same control population over a six year 
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period, and Shoffner and Grant (1960) were unable to show any significant 
changes in body weight as a result of relaxed selection. It is unlikely 
that genetic changes in the control population could account for the 
asymmetry observed in this experiment. 
Falconer (1954) showed that high initial gene frequencies could 
cause a more rapid response in the lines favored by intermediate gene 
frequencies than in lines selected for still higher gene frequencies. 
In this situation the additive genetic variance would differ between 
lines, with an increase in response to selection in one direction, and a 
decrease in the other. In this experiment line differences were demon­
strated in the additive genetic variances and heritabilities, that could 
account for at least part of the asymmetry. Mean heritability of December 
body weight was about the same in the large line B and the small line 
C, but the over-all heritability of body weight (December and March) was 
only 0.40 in the IS line and 0.51 in the Ç line. Heritability of December 
egg weight in the large egg line D was only 0.37 compared with 0.42 in 
the low egg line E. Hence, at least part of the asymmetrical response 
may be accounted for by changes in the additive genetic variance, which 
decreased more in the large lines than the small lines. 
Asymmetrical response to natural selection may have contributed to 
the observed asymmetrical response to artificial selection. Wehrli (1964) 
devised a fitness index based on the product of percent hatchability, 
percent fertility, percent hen day egg production, and offspring survival 
to breeding age. Fitness relative to the A line was as follows: 
A line 100% 
B line 66% 
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C line 81% 
D line 74% 
E line 85% 
The upward selected lines, 1$ and D, declined more in fitness than the 
downward selected lines, jC and E; hence, natural selection may have been 
more effective in opposing genetic change in the upward selected lines 
than the downward selected lines. Linkage of fitness genes with body or 
egg weight genes in the repulsion phase may have been responsible for 
this, since the base population may not have been in linkage equilibrium. 
Such linkage might have been caused by one of the commercial lines that 
contributed to the base population being both heavier and less fit than 
the other lines. Initial sampling from the base population might there­
fore have caused the upward selected lines to be less fit. However, the 
lines contributing to the base population were not widely divergent, so 
the importance of linkage is questionable. 
In summary, a greater decline in the additive genetic variance, 
and greater effects of natural selection in the lines selected for large 
body or egg size (B and D) probably account for most of the observed 
asymmetry. 
Changes in the variance components and heritabilities 
Features of the analysis of the variance components and heritabil­
ities were: 
1) A sharp drop in the phenotypic and genetic variance in the first 
generation. 
2) Significant line differences, but no detectible linear trends 
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in the heritabilities and genetic components of variance. 
Uncontrolled environmental factors may have caused the initial drop 
in the variances, or sampling of a more uniform set of chromosomes for 
each line may have been the cause. In the latter case the subsequent 
increase in the genetic variance may be explained by crossing over and 
recombination of the genes controlling body and egg weight. 
Line differences could be accounted for by genetic sampling from 
the base population, or by the effects of selection. A linear decline 
in the genetic variance of the selected trait in the Ç and E lines 
could be accounted for by the lower variance associated with the decline 
in the mean. Significantly lower heritabilities in the JB and D lines 
were probably caused by selection and fixation of genes controlling body 
and egg weight. However, declines in the genetic variances and herit­
abilities were relatively slight, with little evidence of exhaustion of 
additive genetic variance. 
Inbreeding should have reduced genetic variance by approximately 13 
percent over the entire seven year period. Chance fluctuations were 
large, however, and the effects of inbreeding were not sufficiently 
large to be detectible. 
Changes in the relative importance of the sire and dam components of 
variance and covariance 
Increases in the relative size of the sire component of variance of 
egg weight and of the covariance between body weight and egg weight were 
found in the egg weight lines D and E, but not in the other lines. Both 
egg weight and the covariance between body and egg weight may have a sex-
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linked component (Osborne, 1953 and 1954 and others). Findings in this 
experiment lend additional support for sex-linkage. Selection for egg 
weight in the females probably resulted in breeders of a moderately 
uniform genetic egg weight. In contrast, indirect selection of the males 
would have resulted in a more varied genetic potential for egg size, and 
in this way the total genetic variance in the progeny would have increased. 
If sex-linkage was involved, a larger sire component of variance would be 
expected. Genes responsible for controlling egg weight may also influence 
body weight, which would account for the changes in the sex-linked co-
variance of body and egg weight. 
Correlated responses to selection 
Realized genetic correlations were symmetrical in the body weight 
lines B and (3, but asymmetrical in the egg weight lines D and E. Selec­
tion for small egg size (E line) substantially lowered body weight, 
while selection for large egg size (D line) increased body weight only 
slightly. Abplanalp et al. (1963) reported a similar asymmetrical 
realized genetic correlation between 8-week and 24-week body weight in 
turkeys. Basically, genetic correlations may be determined either by 
pleiotropy, or by linkage. 
Genetic correlations due to linkage require an excess of genes 
linked in the coupling phase; hence, populations arising from crosses 
between different lines (as occurred in the formation of the base popu­
lation) are most likely to show linkage effects. Such genecic correla­
tions should decrease as linkage equilibrium is approached. That the 
genetic correlation between body and egg weight is due to linkage is 
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not, however, wholly acceptable in view of the large positive correlation 
generally reported in the literature for these traits (Table 5). 
Genetic correlations resulting from pleiotropy may be influenced by: 
1) Inbreeding 
2) Selection and fixation of the pleiotropic genes 
3) Changes in the frequencies of non-pleiotropic genes affecting 
one of the traits. 
According to Lerner (1958), genetic covariance between traits may 
be partitioned in the same way as genetic variance under inbreeding, so 
that eventually as the within-line genetic covariance approaches zero, 
the genetic correlation would also approach zero. Since the amount of 
inbreeding in this experiment was slight, an effect of this size would 
probably not have been detected. In any case, the inbreeding was rela­
tively constant over all the selected lines, so inbreeding could not 
account for line differences. 
Fixation of the pleiotropic genes controlling body and egg weight 
might have caused the unequal realized genetic correlations in the D 
and E lines if the initial pleiotropic gene frequency were above 0.5. In 
this case, selection for large egg size (D line) might have resulted in 
a relatively smaller correlated change because of exhaustion of genetic 
covariance. In contrast selection for small egg size (E line) would 
favor intermediate pleiotropic gene frequencies and hence a larger corre­
lated response in body weight. 
Rende1 (1963) examined changes in the correlation between scutellar 
and abdominal bristles in a Drosophila melanogaster population selected 
for scutellar bristle number. A hypothesis that explained the changes 
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was that total resources for making bristles could be varied, causing a 
positive correlation, while changes in the proportion of resources going 
to each type of bristle caused a negative genetic correlation. The total 
genetic correlation depended on the balance between the two. Under this 
hypothesis only changes in the genes controlling the amount of resources 
going to, say, the abdominal bristles would cause a change in the genetic 
correlation. Such genes would not strictly be pleiotropic, although 
indirectly tbey affect both traits. Such a situation could be postulated 
to account for the correlation between body and egg weight in chickens. 
Selection for large eggs might increase the amount of some basic protein 
(say), thus causing a positive correlated change in body weight, or it 
might change the proportion of the protein going to form eggs and body 
tissues, thus causing a negative genetic correlation. If selection 
acted at random on the pleiotropic and non-pleiotropic genes, and if the 
pleiotropic genes were already at high frequencies, selection would cause 
correlated responses much the same as were observed in the D and E lines. 
Whether such a situation really exists is, however, a matter of specula­
tion. 
Changes in the calculated genetic covariances, phenotypic and genetic 
correlations 
Highly significant linear declines in the calculated genetic co-
variances and the phenotypic and genetic correlations may be accounted 
for by the same mechanisms discussed under "Correlated responses to 
selection", and lend support to the observation that the genetic corre­
lations are not stable under selection. 
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Changes in the calculated genetic correlations were unusual (Fig. 
13) because selection for large body or egg weight (B and D lines) 
caused an immediate decline in the correlation between body and egg 
weight, while selection for small body or egg weight (Ç and K lines) 
caused an initial increase in the genetic correlation, followed by a 
decline. The similarity of this response to the theoretical change in 
genetic variance in the single gene case, when gene frequency is about 
0.6-0-8, may be coincidental. However, if the genetic correlation between 
body and egg weight were controlled by few genes, and if selection and 
recombination resulted in little change in the genetic variances of the 
two traits, then this is the pattern of change in the genetic correlations 
that would be expected with an initial pleiotropic gene frequency in the 
region of 0.6-0.8. Such an explanation of the results must, however, be 
only a tentative hypothesis, since this experiment provided no data 
appropriate for testing such a hypothesis. 
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SUMMARY 
The study is based on a seven year selection experiment involving 
five lines of White Leghorns, each selected for a single quantative trait. 
Line A was selected for high egg production, lines JB and Ç were selected 
for high and low body weight, respectively, and lines D and E were 
selected for high and low egg weight, respectively. Sixteen single-
male pens each of 9-14 female breeders were mated each generation for 
line A, while eight single male pens each of 8-10 females were mated 
each generation for lines B, G, D and E. In addition the Cornell 
Randombred Control line, RCC, was used each year to correct for environ­
mental trends. 
In each of the body and egg weight lines responses to selection were 
immediate, large, and linear. Mean December (32-week) body weight in the 
seventh generation was: B line 6.1 pounds, Ç line 2.7 pounds, D line 
4.5 pounds, and E line 3.1 pounds. Mean December egg weight was: B 
line 57 grams, Ç line 43 grams, D line 58 grams, and E line 39 grams. 
Crosses between the high and low body, and high and low egg weight 
lines were tested in generation six. Average body weight of the crosses 
between the B and Ç lines was lower than the mean of the pure lines, and 
the mean body weight of the DxE cross was about a quarter of a pound less 
than the ExD cross, suggesting a possible maternal effect. There was no 
evidence for heterosis in any of the traits studied. 
Heritabilities of body and egg weight were calculated for each line 
and year from the sire and dam components of an analysis of variance. 
Realized heritabilities were calculated for the selected traits from 
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the regression of the control corrected generation means on the cumulative 
selection differential. Estimated heritabilities averaged over all genera­
tions, and realized heritabilities were: 
Trait Line Estimated h Realized 
Dec. body weight B 0.44 0.34 
C 0.43 0.52 
D 0.42 
E 0.64 
Dec. egg weight B 
C 
0.40 
0.58 
~ 
D 0.37 0.24 
E 0.42 0.55 
Thus the estimated heritability exceeded the realized heritability 
in the large lines 13 and D, but was less than the realized heritability 
in the small lines Ç and E. Response to selection, corrected for differ­
ences in the cumulative selection differential, was asymmetrical both for 
body and for egg weight, with greater progress made in downward than 
in upward selection. 
An increase in the sire's component of variance for egg weight, and 
for the covariance between body and egg weight in the egg weight lines 
was interpreted as evidence that these traits have a partially sex-linked 
mode of inheritance. 
Correlations between body weight and egg weight, measured both in 
December and March, were calculated from an analysis of variance and 
covariance. Realized genetic correlations were calculated from the 
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regression of the correlated trait on the selected trait, corrected for 
differences in genetic variance. 
Mean phenotypic (rP) and estimated genetic (rG) correlations, and 
the realized genetic correlations (rR) between December body and egg 
weight were: 
Line rP rG rR 
B 0.25 0.31 0.60 
G 0.31 0.58 0.57 
D 0.39 0.30 0.10 
E 0.38 0.68 0.78 
The weak correlated response in body weight from selection for large 
egg size in the D line was unexpected. The phenotypic correlations were 
lower than the estimated genetic correlations in all lines except the D 
line, and the estimated and realized genetic correlations were in good 
agreement in the low lines, (C and E) with poorer agreement in the high 
lines (B and D). 
Trends in the genetic variance components, covariance components, 
heritabilities, phenotypic correlations and genetic correlations were 
tested by a factorial analysis of variance. No significant linear trends 
attributable to selection were found in the variance components or herit­
abilities, but the covariance components and phenotypic and genetic 
correlations significantly declined over the period of selection. The 
estimated genetic correlation between body weight and egg weight in the 
large lines B and D fell from about 0.6 in the base population to 0.2-0.3 
in the sixth generation. In the small lines Ç and E the genetic 
correlation increased initially, followed by a decline to about 0.4-0.5. 
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No change was observed in the A line which served as a control for this 
part of the experiment. The asymmetrical decline in the estimated 
genetic correlations was statistically significant. 
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CONCLUSIONS 
The following conclusions seem justified from an examination of the 
results of this experiment: 
1. Selection for body or egg weight caused immediate, large, and 
linear responses in the selected trait over a seven year period. 
2. Selection response, and realized heritabilities were greater in 
the downward selected lines than in the upward selected lines. 
3. The correlated change in egg weight was symmetrical in the body 
weight lines, but the correlated change in body weight was larger 
in the small egg line than in the large egg line. 
4. Crosses between the high and low lines gave no evidence of 
heterosis for body or egg weight. 
5. Egg weight, and the covariance between body and egg weight have 
a sex-linked mode of inheritance, at least in part. 
6. Line differences in the variance component estimates and herit­
abilities were significant, but linear trends could not be 
demonstrated. 
7. Selection caused a large linear decline in the estimates of 
phenotypic and genetic covariances and genetic correlations between 
body and egg weight. 
8. The decline in the estimated genetic correlations was immediate 
in the large body and egg weight lines, but in the small lines 
there was an initial increase followed by a decline. 
9. The inheritance of body and egg weight is clearly polygenic, 
while the covariance between body and egg weight may depend on 
fewer genes than either of the traits separately. 
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APPENDIX 
Table 27. Generation means used for the evaluation of the control lines 
Generation 
Trait Line 0 12 3 4 
Egg pro- A 58 55 62 59 58 76 72 73 
duction 
(%) RM1 -- -- 63 61 57 74 72 74 
RM2 54 57 78 74 71 
RCC — -- 64 59 61 77 79 74 
December A 4.3 4.3 4.2 3.8 4.0 3.9 3.6 3.9 
body wt. 
(lbs.) RM1 — -- 4.4 3.9 4.0 4.1 4.0 3.9 
RM2 -- — — 4.1 4.0 3.9 3.8 3.9 
RCC -- -- 4.2 4.0 4.1 4.1 4.0 4.3 
December A 56 55 55 54 55 52 51 48 
egg wt. 
(gms.) RM1 - -- 55 54 54 54 52 48 
RM2 - -- -- 54 55 53 53 49 
RCC - — 54 56 55 53 53 51 
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Table 28. Sire (S), dam (D) and full sib (I) variance components and 
mean numbers used in the estimation of error from the Repeat 
Mating controls (weighted means from five year's data) 
Traic Sires Dams/sire Pullets/d am 
Egg pro­
duction 
BW1 
EW, 
14 
14 
14 
5.1 
5.0 
4.9 
5.2 
5.2 
5.0 
10.3 8 . 1  
0.074 0.056 
2.33 3.48 
328.0 
0.162 
13.25 
108 
Table 29a. Generation means (all pullets) for December body weight 
(BWp, December egg weight (EW^ ), March body weight (BWg) 
and March egg weight (EWg) 
Generation 
Trait Line 01234567 
BW-, 
EU-, 
BI-J-
A 
B 
C 
D 
E 
RCC 
A 
B 
C 
D 
E 
RCC 
A 
B 
C 
D 
E 
RCC 
A 
B 
C 
4.25 
4.25 
4.25 
4.25 
4.25 
55.6 
55.6 
55.6 
55.6 
55.6 
4.29 
4.86 
3.78 
4.47 
4.13 
54.9 
58.3 
53.2 
57.9 
51.8 
4.36 4.35 
4.36 5.17 
4.36 3.93 
4.36 4.64 
4.36 4.28 
59.6 58.5 
59.6 62.3 
59.6 57.3 
4.23 
5.12 
3.66 
4.48 
4.06 
4.15 
54.9 
57.9 
51.8 
58.9 
50.4 
53.9 
4.34 
5.32 
3.74 
4.73 
4.11 
4.25 
58.9 
62.3 
55.9 
3.79 
4.95 
3.09 
4.22 
3.55 
4.01 
53.9 
58.4 
49.8 
59.5 
48.6 
56.2 
4.17 
5.16 
3.19 
4.60 
3.97 
4 .26  
59.7 
61.5 
52.0 
3.97 
5.73 
3.13 
4.47 
3.53 
4.15 
55.1 
61.8 
48.7 
62.3 
45.9 
55.1 
4.17 
6 .12  
3.18 
4.73 
3.74 
4.54 
59.7 
66 .0  
52.6 
3.83 
5.54 
3.00 
4.27 
3.33 
4.14 
51.9 
58.4 
46.8 
59.7 
44.4 
53.3 
3.88 
5.97 
2.90 
4.47 
3.33 
4.05 
60.3 
67.5 
54.6 
3.61 
5.64 
2.84 
4.26 
3.24 
4.05 
51.4 
59.2 
46.5 
61.5 
43.0 
53.1 
3.88 
6 . 2 0  
3.00 
4.57 
3.31 
4.25 
55.6 
65.0 
50.1 
3.85 
6.10 
2.73 
4.51 
3.13 
4.32 
48.0 
56 .6  
43.1 
57.9 
38.7 
50.5 
Table 29a. (Continued) 
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Generation 
Trait Line 01234567 
EW2 D 59.6 62.5 63.5 62.9 67.3 67.9 67.2 
E 59.6 54.6 54.7 51.0 50.1 50.8 47.3 
RCC 58.0 59.3 59.7 61.3 57.6 
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Table 29b. Generation means (selected pullets) 
Generation 
Trait Line 01234567 
BW, 
EW, 
El-L 
A 
B 
C 
D 
E 
A 
B 
C 
D 
E 
A 
B 
C 
D 
E 
A 
B 
C 
D 
E 
4.27 
5.14 
3.43 
4.47 
3.84 
56.0 
57.7 
52.5 
63.2 
49.5 
4.30 
5.03 
3.53 
4.52 
3.76 
59.9 
64.9 
55.6 
6 6 . 6  
56.8 
4.24 
5.16 
3.73 
4.69 
4.11 
54.9 
59.1 
53.2 
60.4 
50.5 
4.35 
5.45 
4.04 
4.92 
4.30 
57.8 
62.0 
56.5 
64.3 
53.7 
4.20 
5.53 
3.28 
4.78 
3.86 
54.7 
58.8 
50.0 
63.0 
46.8 
4.11 
5.46 
3.26 
5 . 0 2  
3.73 
5 8 . 2  
62 .6  
53.1 
66.0  
51.9 
3.72 
5.65 
2.79 
4.47 
3.33 
54.3 
59.7 
48.8 
63.4 
44.8 
4.20 
6.03 
3.04 
4.95 
3.73 
56.9 
62.0 
51.0 
65.7 
48.0 
3.96 
6.01 
3.02 
4.66 
3.35 
53.7 
62.5 
48.1 
65.4 
42.6 
4.16 
6.31 
3.03 
4.89 
3.56 
58.5 
66 .8  
51.7 
70.0 
46.4 
3.92 
5.91 
2.71 
4.61 
3.37 
51.7 
58.3 
46.3 
65.2 
43.1 
3.92 
6 .18  
2.67 
4.66 
3.32 
58.3 
66 .6  
54.7 
70.9 
49.8 
3.78 
6.33 
2.51 
4.58 
3.07 
51.3 
60.0  
45.0 
66.4 
38.9 
4.06 
6.72 
2.88 
4.90 
3.28 
55.4 
67.5 
50 .2  
71.3 
44.1 
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Table 30a. Generation means of all males for December body weight (BW^ ) 
and estimated December egg weight (EW^ ) 
Generation 
Trait Line 0 1 2 3 4 5 6 
BM1 A 5.10 5.01 5.19 4.73 4.75 4.39 4.30 
B 5.10 5.78 6.20 5.86 5.94 6.24 6.31 
C 5.10 4.45 4.53 3.93 3.87 3.50 3.15 
D 5.10 5.10 5.61 5.17 5.17 4.93 4.96 
E 5.10 4.85 4.90 4.40 4.40 3.88 3.87 
EWX D 55.7 57.9 58.9 59.3 62.2 59.7 61.6 
E 55.7 51.9 50.4 48.5 45.9 44.4 42.9 
Table 30b. Generation means of selected males 
Generation 
Trait Line 0 1 2 3 4 5 6 
BWX B 6.54 6.58 7.15 6.58 6.64 7.28 7.45 
C 4.24 3.90 3.81 3.53 3.21 3.03 2.43 
EI-^  D 58.2 58.7 59.1 60.7 63.4 61.0 62.3 
E 55.4 50.8 50.0 48.3 44.9 44.1 41.8 
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Table 31. Phenotypic standard deviations (pullets) 
Trait Line Generation 
0 1 2 3 4 5 6 Mean 
BWj* A 58 54 59 55 52 51 50 54 
B 58 56 63 65 73 70 73 65 
C 58 39 45 44 36 33 37 42 
D 58 50 67 56 67 55 56 58 
E 58 49 53 52 52 42 48 51 
EWjh A 50 44 45 40 47 46 40 45 
B 50 39 45 40 56 50 49 47 
C 50 39 39 39 33 41 37 40 
D 50 40 43 49 62 51 53 50 
E 50 35 39 35 42 30 34 38 
BW23 A 57 61 64 61 52 52 53 57 
B 57 61 64 86 66 77 67 68 
C 57 45 49 42 36 36 28 42 
D 57 63 67 67 70 58 58 63 
E 57 55 63 50 54 39 43 52 
EW2b A 55 46 46 43 48 54 44 48 
B 55 47 48 41 50 73 51 52 
G 55 46 45 40 45 33 39 43 
D 55 41 43 56 59 53 50 51 
E 55 73 41 37 50 38 36 47 
M^ultiplied by 100. 
M^ultiplied by 10. 
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Table 32. Coefficients of variation (all pullets) 
Trait Line 0 
Generation 
Mean 
BW. 
EWi 
BW„ 
EW„ 
A 
B 
C 
D 
E 
A 
B 
C 
D 
E 
A 
B 
C 
D 
E 
A 
B 
C 
D 
E 
13.4 
13.4 
13.4 
13.4 
13.4 
8.7 
8.7 
8.7 
8.7 
8.7 
13.0 
13.0 
13.0 
13.0 
13.0 
9.2 
9.2 
9.2 
9.2 
9.2 
12 .6  
11.4 
10.3 
1 1 . 2  
11.7 
8 . 1  
6  . 6  
7.2 
6.9 
6.7 
13.9 
11.7 
11.5 
13.6 
12.7 
7.8 
7.5 
8 . 0  
6 . 6  
13.3 
14.0 
12,3 
12.2 
14.9 
12.9 
8 . 2  
7.7 
7.6 
7.2 
7.7 
14.7 
12.0 
13.2 
14.2 
15.2 
7.7 
7.6 
8 . 0  
6 . 8  
7.6 
14.4 
13.1 
14.1 
13.9 
14.7 
7.4 
6 . 8  
7.8 
8 . 2  
7.2 
14.7 
16.5 
13.1 
14.4 
12 .6  
7.6 
6.7 
7.6 
8.9 
7.3 
13.0 
12.6  
1 1 . 6  
15.1 
14.7 
8.4 
9.1 
6.9 
9.9 
9.1 
12.5 
10.8  
11.3 
14.8 
14.6 
8 . 0  
7.6 
7.7 
8.7 
10.1  
13.2 
12.6 
1 1 . 1  
12.9 
12.5 
8.9 
8.5 
8.7 
8.5 
6 . 8  
13.4 
12.9 
12.5 
12.9 
11.8  
9.2 
10.8 
6 . 1  
7.8 
7.4 
13.9 
13.0 
13.0 
13.1 
14.7 
7.7 
8.3 
8 . 1  
8.5 
7.9 
13.6 
10.8  
9.2 
12.7 
13.1 
7.9 
7.8 
7.7 
7.4 
7. M 
13.5 
12.5 
12.1 
13.5 
13.5 
8 . 1  
7.8 
7.7 
8 . 2  
7.6 
13.8 
12.5 
11.8  
13.6 
13.3 
8 . 0  
8 . 0  
7.5 
7.7 
8.9 
Table 33a. Sire and dam estimates of variance components for December body weight (BW^ ) , December 
egg weight (EW^ ), March body weight (BWg) and March egg weight (EWg) 
Generation and source 
Trait Line 1 2 3 4 5 6 
Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam 
a 
BW^  A 204 440 547 717 693 638 280 524 356 491 242 469 
B -17 916 167 1238 214 1099 214 54 608 494 130 657 
C 429 -276 55 259 655 274 30 209 113 183 147 28 
D 207 376 870 278 57 1012 -83 415 292 460 346 183 
E 630 335 739 339 333 677 877 327 146 476 116 484 
b 
EWl A 300 339 253 369 199 294 280 336 300 234 188 305 
B 112 172 107 337 221 274 13 646 -54 510 122 130 
G 200 421 198 341 183 167 111 162 -13 283 80 438 
D 39 205 168 -134 567 340 491 460 -26 301 282 368 
E 198 198 -7 65 211 42 552 172 54 39 155 105 
M^ultiplied by 10,000. 
M^ultiplied by 100. 
Table 33a. (Continued) 
Generation and source 
Trait Line 1 2 3 4 5 6 
Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam 
BW2a A 231 747 709 823 893 630 367 488 180 648 361 278 
B 37 -106 -120 770 10 701 309 822 456 654 386 425 
C 174 433 97 586 728 -18 -6 371 104 148 81 167 
D 312 240 1047 293 76 942 358 667 491 540 645 463 
E 3 963 612 206 218 592 865 658 -110 356 153 493 
EW2b A 392 259 290 410 203 346 409 361 413 283 97 348 
B -41 694 80 151 223 -323 488 161 140 320 160 158 
C 54 956 465 318 272 219 310 391 -28 233 138 269 
D -3 208 264 163 1063 -141 473 471 137 285 174 427 
E 557 -1537 161 68 207 178 756 241 27 -36 212 262 
Table 33b. Sire and dam estimates of covariance components 
Generation and source 
Traits Line 1 2 3 4 5 6 
Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam 
BW1xEW1 A 76* 308 216 404 161 275 168 230 322 179 208 204 
B -265 465 57 572 235 224 35 90 144 -160 204 -120 
G 265 67 27 233 303 60 52 82 48 29 34 154 
D 62 249 191 -206 -31 41 69 303 62 24 155 -164 
E 316 37 167 40 233 183 621 131 52 -6 134 234 
BWjXBWg A 195b 619 615 822 791 595 315 481 171 532 279 420 
B -29 392 79 1000 569 772 403 255 548 439 237 236 
C 366 -209 69 446 663 144 15 184 87 194 110 53 
D 300 369 1150 255 73 854 118 509 388 429 533 357 
E 495 413 733 146 276 569 784 625 -51 279 127 439 
M^ultiplied by 1,000. 
M^ultiplied by 10,000. 
Table 33b. (Continued) 
Generation and source 
Trait Line 1 2 3 4 5 6 
Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam 
BW1XEW2C A 179 142 231 390 220 287 210 229 341 102 174 150 
B -460 484 -133 370 366 -14 273 -309 159 253 92 -145 
C 311 120 154 291 457 72 -52 110 -115 183 -75 148 
D 118 -216 374 -31 90 -5 -10 424 150 -76 105 197 
E 598 -137 312 67 274 120 828 183 37 -131 78 195 
EW1XBPJ2c A 102 325 303 413 249 259 204 262 167 248 197 176 
B -312 501 -44 422 107 330 91 503 32 -278 79 141 
C 211 163 95 311 370 -106 -37 337 -2 56 4 158 
D 85 126 178 -146 204 201 207 102 390 -238 283 -190 
E 318 351 311 47 233 99 789 240 -14 60 96 80 
M^ultiplied by 1,000. 
Table 33b. (Continued) 
Generation and source 
Trait Line 1 2 3 4 5 6 
Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam 
d 
EW1XEW2 A 257 277 262 330 164 337 349 368 360 222 184 206 
B 140 249 -26 248 185 61 242 -73 97 -210 -15 377 
C 230 719 303 327 248 48 154 300 -20 107 75 378 
D -5 72 216 36 875 -145 425 306 71 108 350 47 
E 214 49 56 -164 239 95 631 243 60 25 103 200 
BW2xEW2C A 239 195 304 419 297 280 237 306 236 134 188 89 
B -420 512 -113 118 175 271 48 324 320 -394 200 -6 
C 306 110 198 327 500 63 51 264 -110 111 26 72 
D 45 56 265 43 123 175 276 143 -78 -27 213 207 
E 318 351 311 47 233 99 789 240 -14 60 96 80 
M^ultiplied by 100. 
Table 33c. Sire and dam estimates of heritability 
Generation and source 
Trait Line 
Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam 
A .28 .59 .61 .81 .90 .83 .42 .78 .55 .76 .38 .74 
B -.22 1.17 .16 1.23 .20 1.05 .16 .04 .49 .40 .09 .49 
G 1.09 -.70 .11 .51 1.31 .55 .09 .63 .40 .65 .42 .08 
D .32 .59 .76 .24 .07 1.17 -.07 .36 .38 .60 .43 .23 
E 1.02 .54 1.03 .47 .48 .98 1.24 .46 .33 1.08 .20 .85 
EWj A .61 .69 .49 .71 .49 .72 .51 .62 .55 .43 .48 .77 
B .30 .45 .21 .67 .53 .66 .02 .81 -.09 .83 .20 .21 
C .53 1.11 .50 .86 .47 .43 .39 .57 -.03 .67 .22 1.24 
D .10 .51 .36 -.29 .93 .56 .51 .47 -.04 .46 .40 .52 
E .64 .64 -.02 .17 .67 .13 1.21 .38 .24 .17 .52 .35 
Table 33c. (Continued) 
Generation and source 
Trait Line 
2 
Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam Sire Dam 
BW 2 A .28 .81 .68 .54 .94 .67 .53 .71 .26 .95 .52 .40 
B .04 -.11 -.11 .76 .59 .93 .28 .74 .30 .43 .34 .38 
C .33 .83 .16 .95 1.57 -.04 -.02 1.13 .31 .45 .42 .86 
D .31 .24 .89 .26 .06 .85 .29 .53 .58 .64 .74 .53 
E .03 1.28 .61 .21 .34 .93 1.11 .84 -.29 .92 .32 1.04 
EW„ A .73 .48 .80 .78 .43 .73 .71 .63 .56 .38 .20 .72 
B 1.26 .59 .14 .26 .51 -.74 .74 .25 .11 .24 .24 .24 
C .10 1.78 .90 .62 .67 .54 .73 .92 -.10 .84 .37 .71 
D .00 .48 .56 .34 1.28 -.17 .54 .54 .19 .40 .28 .69 
E .41 -1.15 .37 .16 .58 .50 1.14 .36 .07 -.10 .66 .81 
Table 33d. Phenotypic and combined (sire + dam) genetic correlations 
Corre- Generation and correlation 
lation Line 1 2 3 4 5 6 
Phen Gen. Phen Gen. Phen. Gen. Phen Gen. Phen . Gen. Phen, Gen. 
BW1xEW1 A .31 .60 .43 .70 .38 .54 .31 .57 .45 .75 .42 .70 
B .35 .44 .41 .80 .39 .57 .20 .30 .29 - .02 .06 .19 
C .37 1.07 .35 .63 .44 .63 .23 .52 .24 .27 .23 .62 
D .38 .82 .41 - .08 .26 .01 .34 .66 .40 .19 .28 - .02 
E .32 .57 .35 .84 .33 .82 .44 .81 .29 .19 .45 .93 
BW1XBW2 A .63 1.02 .77 1.03 .72 .97 . 66 .96 .61 .83 .64 1.04 
B .57 
a 
.71 1.13 .64 .70 .58 1.20 .74 .89 .55 .59 
C .61 .52 .69 1.11 .67 .99 .60 .68 .66 1.03 .39 .78 
D .63 1.18 .74 1.13 .64 .89 .75 1.07 . 66 .93 .66 1.16 
E .55 .93 .69 .94 .68 .93 .78 1.04 .55 .58 .61 .91 
D^enominator negative. 
Table 33d. (Continued) 
Corre- Generation and Correlation 
lation Line 1 2 3 4 5 6 
Phen. Gen. Phen. Gen. Phen. Gen. Phen. Gen. Phen. Gen. Phen. Gen. 
BW1XEW2 A .33 .50 .41 .66 .38 .59 .32 .56 .32 .58 .34 .58 
B .12 .03 .33 .41 .20 -- .17 -.09 .20 .58 .25 -.10 
C .51 1.10 .42 .90 .43 .78 .14 .14 .15 .27 -.04 .27 
D .37 -.28 .33 .49 .32 .09 .40 .74 .32 .13 .34 .54 
iE .12 -- .40 .76 .31 .63 .48 .92 .29 -- .36 .51 
EW1XBW2 A .32 .54 .45 .73 .39 .59 .35 .64 .43 .63 .35 .67 
B .13 .64 .35 .70 .34 .37 .15 67 .25 -.35 .13 .49 
C .38 .61 .44 .67 .37 .53 .29 .95 .23 .21 .27 .45 
D .41 .58 .39 .15 .40 .42 .42 31 .43 .29 .35 .11 
E .34 .80 .54 .70 .35 .89 .41 .74 .16 .18 .28 .68 
Table 33d. (Continued) 
Corre- Generation and source 
lation Line 1 2 3 4 
Phen. Gen. Phen. Gen. Phen. Gen. Phen. Gen. Phen. Gen. Phen. Gen. 
EW^ xEWg A .68 .82 .69 .90 .71 .94 .67 1.04 .59 .96 .62 .83 
B .52 .90 .73 .69 .54 1.25 .51 .26 .21 -.25 .46 1.28 
C .87 1.20 .80 .97 .59 .71 .75 1.04 .30 .37 .52 .99 
D .66 .30 .65 1.10 .72 .80 .73 .80 .47 .53 .58 .63 
E .39 -- .62 .34 .68 1.07 .77 1.06 .49 -- .62 .86 
BH2XEW2 A .38 .54 .46 .70 .42 .63 .36 .67 .32 .49 .38 .52 
B .11 .90 .38 .01 .16 -- .20 .43 .24 -.10 .40 .38 
C .44 .53 .48 .72 .40 .95 .36 .62 .14 .01 .16 .31 
D .47 .30 .43 .71 .37 .31 .45 .43 .34 -.16 .49 .52 
E .23 — .52 .83 .34 .60 .46 .83 .29 -- .31 .32 
